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PREFACE 


This  appendix  presents  background  Information,  planning  concepts  and 
procedures,  and,  as  an  end  product,  a generalized  plan  for  the  development 
and  management  of  the  water  and  related  land  resources  of  the  Ohio  River 
Basin.  The  plan,  comprised  of  a framework  of  broad-scaled  water  resource 
and  related  program  elements,  outlines  the  water  and  related  land  resource 
development  requirements  within  the  basin.  It  also  accounts  for  general 
land  use  and  management  practices  and  water  based  or  enhanced  activities 
that  may  Influence,  benefit  by,  or  be  dependent  on  water  resource 
development. 

Program  elements  of  the  framework  plan  were  progressively  formulated 
through  Integration  of  the  various  developmental  opportunities  and  alterna- 
tives judged  to  best  fulfill  the  needs  of  the  basin.  The  plan  demonstrates 
the  extent  to  which  the  water  and  related  land  resources  can  meet  present 
and  future  demands  for  water  and  water-oriented  functions  and  services, 
the  manner  in  which  these  demands  can  be  met,  the  timing  and  magnitude  of 
development  required,  and  the  cost  that  would  be  Involved,  Elements  out- 
lined herein  form  the  basis  for  the  Ohio  River  Basin  development  program 
summarized  and  discussed  in  the  Main  Report,  

The  various  agencies  which  cooperated  an'd  assisted  in  the  preparation 
and  review  of  this  appendix  are  listed  on  the  title  page.  Members  of  the 
Coordinating  Committee  for  the  Ohio  River  Basin  Comprehensive  Survey  and 
their  staffs  contributed  immeasurably  to  the  review  of  drafts  and  the  reso- 
lution of  varied  views  and  comments. 

Findings  of  the  various  participating  State  and  Federal  agencies  and 
information  and  data  from  their  reports  - all  integral  parts  of  the  study 
and  essential  to  the  plan  formulation  process  - are  summarized  herein; 
details  are  documented  in  other  appendices  to  the  report  as  follows; 
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SECTION  I 


SUMMARY  OF  FINDINGS 


I,  The  region  under  study,  163,000  square  miles  of  the  Ohio  River 
Basinl  shown  In  figure  I,  is  rich  in  land,  water,  mineral,  and  other  re- 
sources. Its  19  million  residents  In  I960  made  up  nearly  II  percent  of 
the  Nation’s  population;  their  skills,  finances,  and  initiative  provide 
the  requisites  indispensable  to  productive  use  of  these  resources.  From 
the  time  of  discovery  by  LaSalle  in  the  late  17th  century  to  the  present, 
the  Ohio  Basin  region  has  contributed  much  to  the  economic  well-being  of 
our  nation.  If  the  basin  is  to  continue  in  this  role,  comprehensive  plans 
for  efficient  short-  and  long-range  development  and  use  of  water  and  re- 
lated land  resources  must  be  formulated  and  then  carried  out  by  timely 
action  programs. 

Present  water-resource-oriented  programs  must  be  accelerated  and  ex- 
panded in  scope  to  satisfy  the  need  for  flood  control,  water  supply,  water 
quality  control,  land  management,  outdoor  recreation,  fish  and  wildlife 
enhancement,  navigation,  hydroelectric  power,  and  other  water-related 
services  required  to  sustain  and  improve  the  socio-economic  well-being  of 
the  region.  Water  use  and  demand  for  related  functions  and  services  exist- 
ent in  1965  should  be  multiplied  by  the  following  factors  to  reflect  the 
projected  2020  needs;  electric  energy  requirements,  15  times;  waterborne 
freight  ton-miles,  5.4  times;  recreation-days,  6.3  times;  stream  assimi- 
lation of  organic  wasteloads,  2.9  times;  prevention  of  flood  damages,  2.7 
times;  municipal  and  Industrial  water  supply  withdrawal,  2.5  times;  sport 
fishing,  2.4  times;  and  hunting,  1.3  times.  A rising  trend  in  public 
desires  for  preservation  and  enhancement  of  environmental  factors  and  aes- 
thetic values  will  require  increased  consideration  of  these  aspects  of 
resource  planning.  To  meet  Increasing  demands,  it  is  essential  to  control 
and  use  available  resources  more  efficiently  than  in  the  past.  It  is  ap- 
parent that  control  of  streamflows  and  regionwide  coordinated  development 
and  use  of  streams  and  impounded  waters  will  play  an  important  role  in 
planning  for  meeting  future  demands  on  the  resources. 

By  2020  the  total  annual  surface  water  withdrawals  in  the  Ohio  Basin 
study  area,  including  the  nonconsumptive  portion  returned  to  streams,  will 
be  about  64  percent  of  the  average  annual  volume  of  streamflow  of  the  Ohio 
River  at  its  mouth.  Excluding  the  flow  volumes  from  the  Tennessee  River, 
Ohio  River  streamflow  will  about  equal  the  Ohio  study  area  withdrawals. 
Annual  consumptive  use  will  be  equivalent  to  about  one-half  inch  of  runoff 
over  the  drainage  area.  Many  small  streams  go  dry  in  the  summer,  and,  at 
other  locations,  streamflows  are  insufficient  for  daily  needs.  Supplemental 
flows  are  therefore  required  to  assure  adequate  supplies.  At  other  times, 
excessive  runoff  creates  floods  causing  severe  damage.  Greater  control  of 
surface  flows  will  be  required  throughout  the  basin  to  provide  the  water 
needed  for  the  projected  socio-economic  growth. 


1 Further  reference  to  the  Ohio  River  Basin  encompasses  the  study  area 
only. 


SUMMARY  OF  FINDINGS 


2.  Provision  for  efficient  control  and  use  of  water  resource  and  re- 
lated lands  will  encompass  a variety  of  projects  and  management  programs 
at  all  governmental  and  nongovernmental  levels  requiring  significant  in- 
vestments in  all  subregions  of  the  basin.  The  demands  for  products  and 
services  directly  or  indirectly  related  to  control  of  floodflows  will  re- 
quire the  provision  of  about  10  million  acre-feet  of  storage  by  the  year 
1980  and  over  33  million  by  2020,  in  addition  to  the  17  million  in  the 
1965  program.  Low  flow  control  needs  will  require  correspondingly  6.8 
and  19.1  million  acre-feet  of  installed  storage  in  addition  to  the  7.1 
million  provided  by  the  going  program.  About  one  million  acre-feet  of 
this  future  low  flow  storage  requirement  would  be  supplied  from  Joint  use 
of  storage  for  high  flow  control  by  1980,  and  over  3 million,  by  2020  mak- 
ing it  necessary  to  construct  5.8  and  16.1  million  acre-feet  of  storage 
for  low  flow  by  the  reported  time  periods.  The  impounded  waters  and  im- 
proved quantities  and  quality  of  waters  in  flowing  streams  will  provide  by 
2020  outdoor  recreation  and  fish  and  wildlife  resource  opportunities  for 
about  500  million  recrea t i on -days , or  nearly  45  percent  of  the  total  de- 
mand. About  35  percent  of  the  basin  lands  are  in  potential  upstream 
watershed  projects  and  about  50  percent  are  in  need  of  land  treatment  and 
management.  To  meet  the  demands  for  food  and  fiber  by  2020,  4 million 
acres  of  lands  in  the  basin  would  need  drainage,  and  1,3  million  supple- 
mental irrigation.  The  flood  plain  information  studies  included  in  the 
program  will  provide  a general  base  for  a flood  plain  management  program 
Extensive  development  for  hydroelectric  power  generation,  modifications 
to  existing  waterways,  and  provision  of  new  waterways  are  also  major  items 
in  the  development  program. 


GROSS  DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


1965  Year 
Value 

iWo 

Total  Demand 
2000 

202c 

Water  Supply  (W i thdrawa 1 s ) ; 

Municipal  and  Industrial.  . , 

. . . .million  gallons  per  day.  . 

1 1.553 

19.035 

19.357 

28,251 

Far"i  Ooriestic  and  Livestock  . 

. , do.  . . 

162 

168 

231 

294 

Rural,  Nonfarn  Oor^estic  . . . 

do.  . . 

587 

673 

799 

939 

Irrigation 

do . . 

146 

102 

352 

682 

Electric  Power  Cooling.  . . . 

do . . . 

19.200 

29,000 

46,000 

63,000 

Mining 

do . • • 

289 

511 

979 

1 .894 

Residual  Organic  Wasteload 

Ass  im i 1 a t ion 

million  population  equivalents.  . 

U.6 

6.0 

8.8 

13.4 

Average  Annual  Residual 

Flood  Danage 

1 1 1 

IUi4 

205 

2 96 

Navigation. 

27.3 

99.3 

90.5 

147.4 

Hydroelectric  Power, 

Installed  Capacity.  ..... 

1.500 

7.200 

20.100 

40,000 

Outdoor  Recrcat ion 

, . . .million  recreat ion-days . . 

21.7^^ 

391 

710 

1 .030 

Sport  Fishing  

35.2 

40.7 

51.8 

Hunt  ing 

25.5 

26.6 

28.6 

Commercial  Fishing 

2.5 

14.2 

20.9 

27.5 

Land  Treatment  and 

Management.  . 

3.^4 

21.8 

42.9 

54.5 

Ora  inaqe 

12. 1 

15.3 

16.2 

16.6 

1 rr 1 gat  ion 

Assumes  85  percent  removal 

of  wastes. 

.09 

.22 

.77 

1 .42 

I960  Usf. 

1-2 


SUMMARY  OF  FINDINGS 


In  addition  to  the  capabilities  of  the  going  programs,  the  following 
resource  developments  are  needed: 


FRAMEWORK  PROGRAM 
FOR 

DEVELOPMENT  OF  WATER  AND  RELATED  LAND  RESOURCES 


Cumulative,  in  Addi 

tim  t:  1965  Prooram 

To 

1980 

To  2000 

To 

2020 

Cost 

Cost 

STREAMFLOW  control  and  IN-STREAM  USE 

(billion 

(billion 

( 1 on 

Amoun  t 

dol 1 ars ) 

Amount 

dol lars ) 

Amount 

do  1 .1  rs  ) 

1 . 

Storage  for  increasing  Flows  and  Furnishing 

Water  for  Withdrawal  and  Use 

..million  acre-feet.. 

5.80 

1 .40 

8.70 

2.18 

16.11 

3.96 

2. 

Control  of  Floodflows 

2.76 

4.37 

9.10 

a.  Reservoir  and  Detention  Storage.... 

..million  acre-feet . . 

9.99 

15.89 

33.37 

b.  Local  Protection  Projects 

152 

320 

488 

c.  Channel  Improvement 

2.394 

3.037 

6,328 

d.  Flood  Plain  Information  Studies.... 

..number  of  studies.. 

200 

450 

700 

3. 

Navigable  Waterways 

M7 

1.59 

1 .61 

a.  Improvements  to  Existing  Waterways. 

..billion  ton-mi  I es . , 

8.65 

45.60 

99.52 

b.  Potential  New  Waterways 

1.17 

4.52 

6.05 

4. 

Hydroelectric  Power,  Installed  Capacity 

7.200 

.81 

20.100 

2.21 

40,000 

4.50 

Tota 1 

S.44 

10.35 

’9.37 

RELATED  PROGRAMS 

1 

Outdoor  Recreation,  Sport  Fishing, 

and  Hunting 

...million  man-days.. 

132.7 

0.46 

199. 1 

0.70 

494.6 

1.72 

2. 

Watersned  Land  Treatment^* ^ 

and  Management 

M .4 

.29 

25.6 

.63 

29.2 

.73 

3. 

Lands  to  be  Irrigated^^^ 

. 1 

.01 

.7 

.06 

1-3 

.12 

4. 

Lands  to  be  Orained^^^ 

3.2 

.42 

3.8 

4.0 

54 

1.18 

1 90 

3 1, 

a±== 

Grand  Total 

6.62 

12.25 

22.48 

Remaining  demands  • To  be  met  by  affil 

iated  programs. 

I 

Outdoor  Recreation,  Sport  Fishing, 

and  Hun  C <na 

. ..million  man-davs.. 

179.5 

O.frlt 

U.9,5 

1.58 

471.4 

1 .64 

2. 

Additional  Land  Treatment  and 

Management 

7.0 

13.8 

21.9 

Total 

.81 

1.93 

2.19 

(M 

Includes  land  treatment  and  management 

in  potential  watershed 

projects, 

above  potential  storag 

* reservoirs 

. and 

critical  erosion  areas. 

(2)  Preparation  of  lands  and  onfan"  facilities. 
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SECTION  I I 


INTRODUCTION 


5,  In  accordance  with  Senate  Document  No.  97,^  a principal  objective 
in  water  resource  planning  "Is  to  provide  the  best  use,  or  combination  of 
uses,  of  water  and  related  land  resources  to  meet  all  foreseeable  short- 
and  long-term  needs,"  To  accomplish  this  in  an  expanding  economy,  the 
framework  studies  analyze  past  accomplishments  and  present  and  future  re- 
quirements and  compare  them  with  unused  or  underused  water  and  related  land 
resources  to  develop  a program  for  the  efficient  satisfaction  of  projected 
demands. 


4.  Framework  studies,  to  be  most  effective  as  guides  for  action  pro- 
grams and  to  serve  as  a sound  base  for  a continuing  planning  process, 
should  be  both  broad  in  coverage  and  flexible  in  structure  so  that  addi- 
tional alternative  courses  of  action  may  be  examined,  evaluated,  and  in- 
stituted as  desirable  or  necessary.  Formulation  of  the  Ohio  River  Basin 
framework  program  of  development  has  been  accomplished  with  these  planning 
goals  and  reporting  objectives  In  mind. 

5.  This  appendix  explains  the  bases  for  and  technigues  in  formulating 
the  Ohio  River  Basin  framework  development  program.  It  gives  the  basic 
facts  concerning  the  past  and  present  status  of  water  and  related  land 
resource  development  and  a projected  view  of  future  regu i rements.  A devel- 
opment program  is  formulated  to  present,  by  time  periods,  the  goals  and 
initial  development  costs  to  meet  the  projected  demands  of  the  people  and 
for  their  economic  endeavors. 


6.  Appendix  K was  prepared  by  integrating  the  cooperative  efforts 
of  the  participating  agencies.  Figure  2 lists  the  cooperating  agencies 
with  their  assignments  and  contributions  to  the  planning  effort.  In  ad- 
dition, a summary  of  studies  on  minerals  and  mining  and  a brief  inventory 
of  scenic,  historical,  and  archeological  themes  relevant  to  the  Ohio  River 
Basin  are  attached  to  this  appendix. 


^ Policies,  Standards,  and  Procedures  in  the  Formulation,  Evaluation,  and 
Review  of  Plans  for  Use  and  Development  of  Water  and  Related  Land  Re- 
sources. 87th  Congress,  2d  Session. 
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Cooperating  Agency 

U.S.  Army  Engr  Oiv.  Ohio  River. 
Corps  of  Engrs 

U.S.  Anny  fngr  Ofv,  Ohio  River, 
Corps  of  Engrs 


U.S.  Army  Engr  Olv.  Ohio  River, 
Corps  of  Engrs 


Ass i qnmen  t 

Summary  findings.  Ohio  River  Comprehensive  Survey, 


History  of  the  Jnves t igat ion,  including  pertinent 
assignments,  dates,  policy  guidance,  legislative 
action  and  surrmaries  of  meetings  of  the  Coordina* 
ting  Committee. 

Projections  of  population,  industrial  activity  and 
gross  national  product  for  the  Ohio  River  Basin 
and  its  subareas. 


Appendix  Ti  tie 

Main  Report 

A History  of  Study 


Projective  Economic  Study 


U.S.  Army  Engr  Oiv,  Ohio  River, 
Corns  of  Engrs 


Federal  Water  Pollution  Control 
Admin i St rat  ion 

U.S.  Geological  Survey.  Dept  of 
Inter  ior 

Soil  Conservation  Service.  Eco- 
nomic Research  Service,  and 
Forest  Service.  Department  of 
Agr  I cu  I ture 

Bureau  of  Sport  Fisheries  and 
Wildlife  and  Bureau  of  Commercial 
Fisheries.  Fish  and  Wildlife  Ser- 
vice. Dept  of  Interior 

Bureau  of  Outdoor  Recreation. 

Dept  of  Interior  (includes  a re- 
port by  National  Park  Service  on 
historical,  archeolog ical , and 
scenic  resources) 

Federal  Power  Commission.  Bureau 
of  Power 

III  ino • s 
I nd  > ana 
Kentucky 
Maryland 
New  Vork 
North  Carol ina 
Ohio 

Rennsy I van  i a 
Tennessee 
V I rg  *n  ia 
West  Virginia 


Corps  of  Engrs 

U.S.  Army  Engr 
Corps  of  Engrs 

U.S.  Army  Engr 
Corps  of  Engrs 


Nat'  inal  Park  Service  Dept  -if 
Inreri  r 


fltrnau  f Oeot  Intori  -r 


En  / . r jnmen  I a I Science  Services 
A!  n.^trat'  *n . Dept  Comrwrcr 


Oiv. 

Oh  i 0 

R i ver 

Oiv. 

Ohi'O 

River 

Div. 

Ohio 

River 

Basic  climatologic  and  hydrologic  data  for  use  in 
the  report.  Frequency  of  flood  and  low  flow  and 
surface  water  availability. 

Water  supply  needs,  organic  waste  loads  and  water 
pollution  control  needs. 

Geologic  conditions  as  related  to  aquifers  and 
the i r yield. 

Current  and  future  needs  for  agriculture  and  the 
problems  and  potential  solutions  as  related  to 
water  and  related  land  development  with  emphasis 
on  land  treatment  and  management 

Needs  and  potentials  for  fishing  and  hunting  and 
the  utilization  of  the  resource  for  their  fulfill* 
men  t . 


Present  and  future  demands  for  outdoor  recreation 
the  use  and  potential  of  present  facilities  and 
guides  for  utilization  of  the  Basin's  recreation 
resource  areas . 


Existing  and  future  electric  power  suoply  and 
requirements,  thermal  power  cooling  needs. 

Prepare  a report  on  State  taws.  Pofic'e^.  and  Pro- 
grams and  make  an  inventory  of  non-federal  water 
resources  faci I i t ie$ . 


Plan  for  development  of  the  Basin's  resources  to 
satisfy  the  needs  for  water  and  related  activities. 

Present  and  future  demands  for  waterborne  commerce 
and  related  waterway  needs. 

Present  and  future  flood  control  needs.  Analyze 
the  oresent  plan  and  develop  a progra'"  f r addi- 
tional flood  da-age  reduction. 


Aesthetic.  Historical,  archeological  and  cultura 
themes  for  use  in  Appendix  K. 


Hydrology 


Water  Supply  and  Water 
Pollution  Con  t ro I 


Cr'Ound  Water 


Agr  I cu  1 1 i.re 


C Fis’  and  w 'd'-’e  “t-sources 


H Outdorr  Recreati 


Electric  P-wcr  Res-urccs  a-c 

R.?gj  I rt—er 


Star- 

Pr-ara-s 


Dv'vel  Pr-cna'  P 

t ion 


FI  "d  C 'n  t n 


Data  nn  minerals  and  mining  for  use  in  Aooendix  K. 
Standard  proiect  storm  and  data  on  climatology. 


AttacHcd  l'  App.-nrti.  K 

Attached  f •■•r.'-'-cl  ■ ' '• 
Used  in  Apperdicis  C k 


G'*ol'>g-cal  Surve/.  Oeot  ol 


Str<-amflow  data,  extended  rating  curves. 


Used  in  Appendicos  C 
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PLANNING  ENVIRONMENT 


7.  This  section  presents  a summary  of  the  early  exploration  and  set- 
tlement of  the  Ohio  River  Basin  and  historical  beginnings  of  water  and  re- 
lated land  resource  development  and  use.  Physical,  climatic,  and  hydro- 
logic  characteristics  of  the  basin  related  to  water  resources  needs  and 
availability  are  given,  and  economic  factors  which  are  the  basis  for  pres- 
ent and  projected  demands  on  the  resources  are  briefly  covered.  Historical 
events  and  accomplishments  help  explain  the  present  status  and  set  the 
stage  for  future  planning.  Law,  policy,  and  planning  concepts  are  also 
discussed. 


EARLY  SOCIAL  AND  ECONOMIC  HISTORY 

8.  Early  exploration  and  settlement  of  the  Ohio  Basin  followed  natural 
waterroutes  from  the  Atlantic  Coast  and  the  Gulf  of  Mexico  to  the  interior. 
Many  immigrants  were  already  highly  trained  and  were  seeking  communities 

in  which  to  practice  their  skills  and  invest  their  savings.  Important 
attractions  were  the  fertile  lands  and  the  availability  of  water  for  domes- 
tic and  farm  use  and  transportation. 

9.  At  one  time,  many  of  the  skilled  workers  at  Pittsburgh,  Pa.,  at 
the  head  of  the  Ohio  River,  were  reported  to  have  been  employed  in  making 
boats  which  served  the  westward  settlement  movement.  Iron  smelting  and 
foundries  for  domestic  utensils,  tools,  machine  parts,  steam  engines,  and 
nails  for  settlers  were  also  developed. 

Fort  Washington,  now  Cincinnati,  Ohio,  was  strategically  located  on 
the  Ohio  River  opposite  the  mouth  of  Kentucky's  Licking  River,  between 
Pittsburgh  and  the  Falls  of  the  Ohio  at  Louisville,  Ky.  Initially 
Cincinnati  developed  into  a trading  center,  but  a skilled  labor  supply 
attracted  important  manufacturing,  such  as  early  iron  foundries,  which 
later  developed  into  fabricated  metals  and  machine  tool  industries.  Brew- 
ing, food  processing,  publishing,  and  printing  activities  also  grew  rapidly. 

Louisville  owes  its  early  development  to  the  necessity  to  portage 
around  the  Falls  of  the  Ohio.  Travellers  replenished  supplies  and  stopped 
for  repairs  and  other  services  while  transferring  to  other  boats  to  con- 
tinue their  Journey.  Although  primarily  a trading  center,  important  manu- 
facturing, especially  of  wood  products,  developed.  Distilleries  also  be- 
came significant. 

10.  In  the  early  development  period,  raw  goods  were  shipped  down  the 
Ohio  and  Mississippi  Rivers  to  New  Orleans  and  then  by  coastal  shipping  to 
eastern  towns.  Goods  manufactured  in  Eastern  States  were  shipped  across 
the  Appalachian  Mountains  to  Pittsburgh  and  then  down  the  Ohio  River  to 
towns  throughout  the  basin.  Thus,  a trade  triangle  was  created.  High 
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overland  shipping  costs  prompted  the  development  of  factories  west  of  the 
Appalachian  mountains  within  the  Ohio  Basin. 

11.  Pittsburgh,  because  of  Its  strategic  location  at  the  junction 
of  the  Allegheny  and  Monongahela  Rivers,  became  a site  of  intense  indus- 
trial and  commercial  activity.  Iron  furnaces,  shipyards,  textile  mills, 
glass  works,  breweries,  and  distilleries  were  established.  Availability 
of  iron  ore,  coal,  timber,  and  water  transportation  greatly  encouraged  and 
facilitated  the  growth  of  manufacturing.  Access  to  the  Great  Lakes  ore 
fields  by  low-cost  water  transport  and  then  a short  rail  haul,  combined 
with  nearby  fossil-fuel  resources,  made  the  Pittsburgh  area  one  of  the 
greatest  iron-  and  steel -producing  centers  in  the  world.  Abundance  of 
water  for  processing,  waste  disposal,  and  transportation  of  both  raw  nete- 
rials  and  finished  products  was  a significant  factor  in  the  location  of 
Industrial  development  at  Pittsburgh  and  other  places  along  the  waterways. 

12.  Youngstown,  Ohio,  had  a history  similar  to  Pittsburgh,  being 
founded  in  1797  by  settlers  from  New  York  who  operated  the  first  smelter 
in  1802.  Native  bog  ores,  limestone,  and  charcoal  from  local  forests, 
combined  with  water  availability,  were  significant  factors  in  the  early 
development  of  the  steel  Industry,  With  the  opening  of  the  first  coal 
mine  in  the  Mahoning  Valley  in  1826,  coal  replaced  charcoal  in  the  smelting 
process.  Today  both  sides  of  the  Mahoning  River  in  the  vicinity  of  Youngs- 
town are  lined  with  steel  mills  for  a distance  of  25  miles.  The  Mahoning 
Valley  of  eastern  Ohio  and  western  Pennsylvania  has  been  called  the  "Little 
Ruhr."  Steel  centers  at  Wheeling,  W,  Va.,  Ironton  and  Middletown,  Ohio, 
and  other  localities  developed  later. 

13.  During  the  early  settlement  period,  towns  grew  up  also  along  the 
National  Road,  which  extended  from  Cumberland,  Md,,  through  the  northern 
part  of  the  Ohio  River  Basin  to  the  Mississippi  River.  Columbus,  Ohio,  on 
the  Scioto  River,  and  Indianapolis,  Ind.,  on  the  White  River,  became  major 
cities  along  the  road.  Railroads,  paved  highways,  and  pipelines  followed 
this  general  route  as  the  Industrial  corridor  to  the  west  developed. 

WATER  RESOURCE  DEVELOPMENT  HISTORY 

14.  Pioneers  readily  adapted  themselves  to  the  physiography  of  the 
basin.  However,  nature's  Inconsistency  in  supplying  man's  needs  was  soon 
recognized.  The  rivers  often  shoaled  In  summer  and  froze  over  In  winter, 
which  endangered  water  supplies  and  Impaired  navigation.  Floods  damaged 
business  establishments,  homes,  and  crops.  Droughts  resulted  in  insufficient 
harvests;  water  shortages  created  hardships. 

In  1817  the  Legislature  of  Indiana  incorporated  a company  to  construct 
a canal  to  solve  the  navigation  problems  at  the  Falls  of  the  Ohio.  The 
project  was  started  but  not  completed  due  to  a washout  failure.  A toll 
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canal  was  later  built  by  a private  stock  company  on  the  Kentucky  side  of 
the  falls  and  opened  In  1830.  The  facilities  were  expanded  over  the  years, 
and  In  1874  the  Federal  Government  took  them  over.  Tolls  were  abolished 
In  1880. 

The  earliest  cooperative  effort  at  resource  development  was  for  con- 
trol of  floodflows  along  the  Wabash  River.  There,  In  1808,  private  land- 
owners  built  levees  to  protect  farmlands  from  flooding. 

15.  Federal  participation  In  the  basin's  water  resource  development 
was  first  Implemented  In  1824  with  the  removal  of  sand  bars  In  the  Ohio 
River  to  Improve  it  for  navigation.  Later,  growing  needs  for  river  trans- 
portation led  to  extensive  channel  clearing  on  the  Ohio  River  and  Its  major 
tributaries.  Increased  barge  traffic  of  bulk  commodities  resulted  in  1885 
in  the  construction  of  the  first  Federal  lock  and  dam  at  Davis  Island,  near 
the  head  of  the  Ohio  River.  The  needs  of  waterborne  commerce  prompted 
Congress  in  1910  to  authorize  a 9-foot  navigable  channel  In  the  Ohio  River. 
A series  of  locks  and  dams  together  with  channel  Improvements  provided  by 
1929  a navigable  depth  of  9 feet  throughout  the  river.  Construction  of 
these  works  was  accompanied  by  a like  development  on  many  of  the  tributar- 
ies. A number  of  the  original  structures  have  since  been  replaced  with 
more  efficient  facilities  to  keep  pace  with  the  growing  volume  of  water- 
borne commerce. 

16.  With  the  movement  of  the  pioneers  into  the  Ohio  Valley  came  the 
grist  and  saw  mills.  One  of  the  first  mills  was  built  in  Indiana  in  1784, 
at  the  Falls  of  the  Ohio,  while  In  1789  another  was  located  near  Marietta, 
Ohio.  Streams  throughout  the  basin  were  utilized  to  drive  water  wheels 
for  small  mills,  and  people  drove  horses  and  wagons  for  miles  to  have  their 
products  processed.  The  development  of  electricity  In  the  19th  century 
brought  electric  generating  stations,  many  dependent  upon  water  power, 
which  began  to  accelerate  the  industrial  growth  of  the  region.  The  impor- 
tance of  water  use  by  the  power  Industry  soon  began  to  shift  from  falling 
water  which  turned  turbines  and  generators  to  the  vast  quantities  of  water 
now  required  for  cooling  steamelectric  generation  plants.  The  availability 
of  huge  quantities  of  low-cost  electric  power  has  been  responsible  for 
bringing  many  new  industries  to  the  basin,  particularly  the  manufacture  of 
aluminum  and  chemicals. 

17.  Water  was  originally  obtained  directly  from  springs,  shallow 
wells,  and  natural  streamflows.  However,  as  concentrated  demands  In- 
creased, central  distribution  systems  were  built;  and  In  many  cases,  stor- 
age and  pumping  works  were  developed  to  better  use  available  supplies. 

The  availability  of  streams  for  waste  disposal  was  a significant 
factor  In  economic  development.  Resulting  deterioration  of  stream  quality 
has  been  a major  concern  for  j long  time,  but  most  organized  public  actions 
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to  control  stream  pollution  have  taken  place  since  1940.  A major  step  was 
the  establishment  of  the  Ohio  River  Valley  Water  Sanitation  Commission  in 
1948.  Eight  States  and  the  Federal  Government  Joined  hands  to  abate  pol- 
lution by  encouraging  and  requiring  the  construction  of  municipal  and  in- 
dustrial waste  treatment  facilities. 

18.  As  a result  of  droughts,  exploitation  of  soils  by  overcropping, 
and  other  poor  farming  practices,  soil  and  water  conservation  practices 
became  necessary  io  sustain  the  economic  production  of  food  and  fiber. 

Land  treatment  and  management  practices.  Including  soil  erosion  prevention, 
water  management,  and  productivity  maintenance  practices  were  developed  to 
protect  and  maintain  the  land  resources  base.  Such  measures  Involving 
individual  landowners  were  later  supplemented  by  the  Watershed  Protection 
and  Flood  Prevention  Act  of  1954,  Public  Law  566,  83d  Congress,  and  amenda- 
tory legislation  brought  Federal  assistance  to  sponsors  of  watershed  pro- 
tection projects  which,  besides  providing  for  flood  prevention,  conservation 
1 storage,  and  other  beneficial  uses  of  water,  included  land  treatment  and 

land  management  measures. 

' 19.  Because  of  the  increase  In  population  and  higher  living  standards, 

[ public  interest  in  outdoor  recreation,  enhancement  of  fish  and  wildlife,  and 

[ the  aesthetic  value  of  our  natural  resources  has  grown  widely.  Major  ad- 

vances have  been  made  In  National  and  State  programs  to  give  greater  con- 
sideration to  environmental  factors  which  previously  had  been  undervalued. 

20.  The  widespread  flood  of  1913  prompted  people  in  the  Great  Miami 

► River  Basin  in  Ohio  to  take  the  first  major  organized  regional  action  for 

flotd  control.  Between  1915  and  1920,  without  Federal  or  State  aid,  the 
Miami  Conservancy  District  pioneered  construction  of  five  major  flood  con- 
trol detention  dams  and  local  protection  works  at  several  communities.  In 
1934  the  Muskingum  Watershed  Conservancy  District  in  Ohio  sponsored  and, 
with  Federal  and  State  cooperation,  planned  and  developed  14  flood  control 
reservoirs  in  the  basin.  Federal  funds  allocated  by  the  Public  Works  Ad- 
ministration were  used  for  a large  part  of  the  program. 

f 

, 21.  Following  the  great  floods  of  March  1936  and  January  1937,  com- 

► prehens  I ve  plans  were  formulated,  and  a Federal  basinwide  comprehensive 

water  resource  development  program  was  undertaken.  Although  flood  control 
was  the  primary  purpose  of  the  reservoir  system,  other  purposes  were  In- 
cluded, The  program  also  provided  for  local  flood  protection  projects  to 
supplement  the  protection  by  reservoirs  at  many  population  centers. 

The  survey  reports  preceding  the  1938  Flood  Control  Act  were  the  last 
that  formulated  a basin  development  plan  designed  to  mitigate  Ohio  River 
system  problems  as  a basis  for  project  authorization.  However,  numerous 
reports  covering  individual  subbasins  and  local  problems  concerning  flood 
control,  water  supply,  pollution  abatement,  recreation,  fish  and  wildlife 
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enhancement,  and  hydroelectric  power  have  since  been  submitted  to  Congress. 
These  reports  have  recommended  many  projects  which  were  approved  by  Congress 
and  are  Incorporated  Into  the  present  comprehensive  plan  for  the  Ohio  Basin. 
All  of  these  resulting  projects  are  alternatives  to  or  supplement  projects 
included  In  the  comprehensive  plan  of  the  Flood  Control  Act  of  1938. 

Interstate,  State,  and  county  agencies,  as  well  as  those  of  munici- 
palities and  other  political  subdivisions,  such  as  conservancy  districts 
and  watershed  and  flood  control  districts,  have  all  played  an  active  role 
In  project  and  management  development.  They  are  taking  an  Increasingly 
important  part  in  the  basin's  water  and  related  land  resource  planning  pro- 
grams and  activities. 

PHYSICAL,  CLIMATIC,  AND  HYOROLCXJIC  CHARACTERISTICS 

22.  Physical  features.  - The  Ohio  Basin  study  area  includes  major 
portions  of  Ohio,  Indiana,  Kentucky,  and  West  Virginia;  the  western  third 
of  Pennsylvania;  the  southeastern  portion  of  Illinois;  parts  of  northern 
Tennessee;  and  small  areas  of  New  York,  Maryland,  Virginia,  and  North  Caro- 
lina. The  study  area  is  bounded  on  the  north  by  the  Great  Lakes  drainage 
area,  on  the  east  by  the  divide  of  the  Appalachian  Mountains,  on  the  south 
by  the  Tennessee  River  Basin,  and  on  the  west  by  the  watershed  draining  to 
the  Mississippi  River.  The  area  to  the  north  of  the  Ohio  River  is  primarily 

a glaciated  plain  of  minor  relief  where  deep,  fertile  soils  prevail.  Unglaci- 
ated portions  in  the  northern  area  and  all  of  the  area  south  of  the  Ohio 
River  are  hilly  to  mountainous.  The  Ohio  River  drainage  encompasses  a 
total  of  203,910  square  miles.  However,  the  Tennessee  River  basin,  with 
40,910  square  miles,  though  a part  of  the  Ohio  River  drainage  area,  has 
been  excluded  from  the  study  except  for  its  effects  on  control  I ing  flows 
in  the  Ohio  River.  The  Tennessee  Basin  Is  one  of  the  designated  water 
resource  regions  under  the  national  program  for  comprehensive  river  basin 
planning  and  is  under  the  purview  of  the  Tennessee  Valley  Authority. 

23.  The  Ohio  River,  formed  at  Pittsburgh  by  the  confluence  of  the 
Allegheny  and  Monongahela  Rivers,  flows  in  a generally  southwesterly  di- 
rection for  981  miles  to  Cairo,  III.,  where  it  joins  the  Mississippi.  The 
flood  plain  is  rather  narrow,  ranging  from  an  average  width  of  less  than  a 
mile  In  the  PIttsburgh-Wheel ing  reach  to  tnore  than  a mile  In  the  Clncinnati- 
Louisvllle  reach  and  broadening  somewhat  downstream.  Throughout  most  of 
the  flood  plain,  about  one-fourth  mile  of  its  width  Is  normally  occupied 

by  the  river.  The  limited  valley  lands.  Including  much  of  the  flood  plain, 
are  used  intensively  by  Industry.  The  Kanawha,  Little  Kanawha,  Big  Sandy, 
Licking,  Kentucky,  Salt,  Green,  Cumberland,  and  Tennessee  Rivers  entering 
from  the  south  are  generally  deeply  entrenched,  the  rugged  terrain  limiting 
the  location  of  communities  and  transportation  routes.  The  Beaver,  Mus- 
kingum, Hocking,  Scioto,  Little  Miami,  Great  Miami,  and  Wabash  Rivers  flow- 
ing from  the  north  are  in  glaciated  areas.  Their  valleys  are  shallow,  rel- 
atively broad  for  the  most  part,  and  suitable  for  agriculture. 
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24.  Ninety-four  million  acres  (90  percent)  of  land  in  the  Ohio  River 
Basin  Is  In  private  ownership.  About  50  million  acres  of  this  is  cropland 
and  pastures  forming  the  agricultural  land  base.  The  basin  also  contains 
extensive  forests  and  is  one  of  the  significant  mi nera I s-produc i ng  areas 
of  the  world.  Except  for  a small  mountainous  section  in  North  Carolina 
and  Virginia,  the  bedrock  surfaces  are  sedimentary.  Mineral  resources  are 
primarily  coal,  clay,  sandstone,  limestone,  petroleum,  natural  gas,  sand, 
gravel,  and  salt.  These  resources  are  the  raw  materials  on  which  hundreds 
of  industries  throughout  the  basin  are  based.  This  industrial  activity 
has  generated  a thriving  economy,  which  requires  large  quantities  of  water. 

25.  Climatic  and  hydrologic  factors.  - Ohio  Basin  climate  Is  marked 
by  moderate  extremes  of  heat  and  cold,  dryness  and  wetness.  The  weather 
is  seasonal  and  changeable,  but  the  climate  is  generally  desirable  in  re- 
gard to  both  personal  comfort  and  economic  activity.  The  basin  lies  in  the 
path  of  the  continental  weather  systems  that  pass  usually  from  west  to 
east.  Abrupt  weather  changes  occur  frequently  owing  to  the  Influence  of 
shifts  in  the  Arctic  and  Gulf  of  Mexico  airmass  flows. 

26.  Summers  are  moderately  warm  and  humid,  creating  ideal  conditions 
for  one  or  more  agricultural  harvests.  The  average  frost-free  season  var- 
ies from  200  days  In  the  south  part  of  the  basin  to  120  days  In  the  north- 
east part,  with  extremes  having  varied  from  247  days  in  the  former  to  73 
in  the  latter.  Choice  of  crops  and  number  of  plantings  in  one  season  are 
regulated  by  these  factors,  as  well  as  by  soil  types,  precipitation, 
topography,  and  markets, 

27.  Temperatures  vary  with  elevation  and  location.  Generally,  July 
temperature  averages  range  from  70“  F.  in  the  northeast  part  of  the  basin 
to  80“  F.  in  the  southwest  part.  (See  figure  3.)  However,  summer  temper- 
atures have  exceeded  100“  F.,  and  several  days  of  over  90“  F.  temperatures 
can  be  expected  each  year.  Summer  temperatures  create  a demand  for  air 
conditioning,  increasing  electric  power  needs  and  water  consumption. 

Winters  are  moderately  cold  with  several  days  of  subzero  temperatures. 
January  temperatures  average  40“  F.  in  the  southern  parts  of  the  basin  to 
26“  F.  in  the  northern  parts.  Basinwide  ice  problems  are  infrequent;  but 
ice  occasionally  causes  oxygen  deficiency  in  surface  waters,  and  ice  jams 
on  streams  can  cause  flood  problems  and  hinder  navigation. 

28.  Storm  occurrences  vary,  with  extreme  floods  seldom  covering  the 
entire  basin  during  the  same  period.  Major  flood-producing  storms  occur 
most  frequently  from  December  to  April  when  soils  are  saturated  and  runoff 
is  high.  Over  8 million  acres  have  been  inundated  by  past  floods  of  rec- 
ord. A series  of  storms  in  1937  produced  the  most  destructive  basin  flood. 
Frequent  thunderstorms  often  yield  intense  rainfalls  which  cause  soil  ero- 
sion and  f lashf lood inq  on  small  streams  and  result  in  considerable  damage 
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to  towns  and  rural  areas.  Hurricane-associated  rains  occasionally  pass 
over  the  Appalachian  Mountains  causing  floods  In  the  southeastern  portion 
of  the  basin. 

29.  The  mean  annual  precipitation  over  the  basin  Is  45  inches,  in- 
cluding snowfall.  However,  precipitation  varies  considerably  with  loca- 
tion and  from  year  to  year.  The  greatest  average  monthly  precipitation 
occurs  in  June  or  July,  and  the  least.  In  October.  Snowfalls  In  the  basin 
may  be  heavy  but  are  usually  followed  by  thawing  periods  which  generally 
leave  no  large  accumulation  for  melting  in  the  spring.  Crop  yields  are 
often  reduced  by  droughts,  but  harvests  are  seldom  completely  lost.  Evapo- 
transp i ration  often  exceeds  precipitation  in  the  growing  season.  There- 
fore, peak  demand  for  supplementary  irrigation  normally  occurs  between 
early  July  and  the  middle  of  August. 

Low  streamflows  affecting  quantity  and  quality  of  water  supply  and 
other  water  uses  occur  usually  in  late  summer  and  fall.  Details  on  climate 
and  runoff  are  given  in  "Appendix  C:  Hydrology." 

ECONOMIC  FACTORS 

50.  The  Ohio  Basin  is  an  area  of  great  econtynic  Importance  to  the 
Nation.  Strategically  situated  between  the  populous  East,  the  Upper  Mis- 
sissippi Valley,  the  Great  Lakes,  and  the  Southern  Atlantic  and  Gulf  States, 
it  is  a source  of  raw  materials  and  agricultural  and  manufactured  products 
and  also  a major  market  area  for  Industrial  goods.  Table  2 presents  major 
land  uses  In  the  basin.  The  regional  economy  is  one  of  the  most  diversified 
in  the  United  States.  In  I960  the  Ohio  Basin  had  19  million  residents, 

10.6  percent  of  the  U.S.  population.  The  average  basin  density  of  116 
persons  per  square  mile  Is  double  that  of  the  Nation.  Figure  4 shows  the 
population  distribution  over  the  study  area.  Table  I gives  the  population 
projections  by  economic  subareas.  The  following  tabulation  presents  I960 
data  and  projections  on  population  and  labor  force: 


I960 

1980 

2000 

2020 

Population: 

United  States 

, .thousands. . 

180,000 

245,000 

331 ,000 

430,000 

Ohio  Basin... 

»•••••• do • • • • 

19,300 

23,300 

29,000 

35,300 

Ohio  Basin.... percent  of 

U.S.  total.. 

10.6 

9.4 

8.7 

8.2 

Labor  force: 

Ohio  Basin 

, .Thousands. . 

7,020 

8,700 

11,200 

14,800 

Ohio  Bas I n. .. .percent  of 

U.S.  total.. 

9.5 

8.6 

7.6 

7.4 

31.  To  facilitate  assessment  of  water  and  related  land  resource  de- 
velopment needs,  the  Ohio  Basin  was  divided  Into  19  hydrologic  subbasins. 
Economic  subareas  were  then  selected  to  approximate  the  subbasins  In  order 
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to  establish  the  demands  of  each  subbasin's  economy  on  its  resources.  Fig- 
ure 5 shows  the  relation  of  the  boundaries  of  the  economic  subareas  to 
those  of  the  subbasins.  Population,  labor  force,  and  other  economic  pro- 
jections are  given  in  "Appendix  B:  Projective  Economic  Study."  Tables  5 
and  4 provide  I960  and  projected  labor  force,  employment,  and  industrial 
output  data.  Figure  6 shows  the  subarea  shares  of  present  and  projected 
population  and  the  interrelationships  of  subbasin  economies  in  terms  of 
manufacturing  employment  shares  of  I960  totals  and  1960-2020  gains.  Fig- 
ure 7 shows  expansions  of  the  economy  as  related  to  increases  in  water 
supply  requirements  and  wasteloads  generated  in  each  subarea. 

Projections  of  economic  activity  assumed  an  expanding  national  econo- 
my, a high  level  of  employment,  no  major  depressions  or  wars,  a continu- 
ation of  the  current  relative  needs  of  civilian  economy  and  national  de- 
fense, and  the  timely  availability  in  the  Ohio  Basin  of  land  and  water 
adequate  in  quantity  and  quality  to  support  the  economy. 

32.  Over  35  percent  of  the  socio-economic  activity  in  the  basin  takes 
place  in  the  economic  subareas  along  the  Ohio  River  and  the  Pittsburgh  sub- 
area  at  the  head  of  the  river,  which  contain  about  18  percent  of  the  basin 
area.  Because  of  its  importance  to  the  economy,  this  segment  might  well 
be  called  "the  backbone"  of  the  basin.  Most  of  the  counties  making  up 
these  subareas  are  contiguous  to  the  Ohio  River,  and  the  following  tabula- 
tion lists  their  shares  of  the  total  basin  economy. 

Ohio  River  Counties 
Percent  of  Basin  Total 
I960 

34 
42 
34 
38 

40 
45 

requi re  ample, 
are  located 
materials  and 

bulk  products  are  delivered  on  canalized  waterways.  Concentration  of  in- 
dustry with  its  accompanying  urban  development  creates  a great  demand  for 
electrical  energy,  transportation,  and  recreation  and  often  results  in 
flood  protection,  water  supply,  and  waste  treatment  problems. 

Steel  mills  at  Pittsburgh  and  Johnstown,  Pa.,  Wheeling,  W.  Va.,  Ash- 
land, Ky.,  and  Middletown,  Ohio,  are  some  of  the  most  important  in  the 
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Population,  Total 
Population,  Urban 
Employment 

Manufacturing  Output 
Transportation,  Communications,  and 
Uti I i ty  Output 

Electric  Power,  Installed  Capability 


33.  Large  manufacturing  centers  throughout  the  basin 
economical,  and  high-quality  water  supplies.  Where  plants 
near  the  Ohio  River  or  its  navigable  tributaries,  many  raw 
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Nation.  Water  supply  requirements  and  problems  associated  with  stream 
pollution  are  an  important  concern  of  the  industry  at  these  locations. 

The  Kanawha  Valley  is  the  site  of  a major  chemical s-produci ng  center,  and 
riverside  plants  in  the  vicinity  of  Charleston,  W.  Va.,  create  unusual 
pollution  problems.  In-plant  reduction  in  wasteloads  and  special  waste 
treatment  processes  are  currently  practiced;  but  additional  techniques  and 
facilities  are  required  now,  and  still  more  will  be  needed  as  productivity 
i ncreases. 

34.  Although  the  Ohio  Basin  is  most  often  thought  of  as  an  industrial 
area,  agriculture  is  still  a principal  pursuit.  About  one-third  of  the 
area  is  under  cultivation  and  contains  some  of  the  most  productive  agricul- 
tural lands  in  the  Nation,  particularly  in  the  Corn  Belt  Region,  which  ex- 
tends through  central  Illinois  and  Indiana  into  Ohio,  and  the  Bluegrass 
Region  in  Kentucky.  On  the  rough  land  bordering  the  Ohio  River  and  to  the 
south  where  soils  are  generally  less  fertile  and  erosion  more  pronounced, 
farms  are  predominantly  small.  Land  use,  by  economic  subareas,  is  given  in 
table  2.  Agricultural  productivity  is  expected  to  increase  rapidly  and 
will  he  aided  materially  by  solution  of  problems  associated  primarily  with 
water  vai lability,  land  treatment  and  management,  and  erosion  control. 

3^.  The  basin's  minerals  production  is  significant  on  a worldwide 
scale  and  represents  12  percent  of  the  total  U.S.  mining  output  value. 

Fossil  fuels  constitute  the  basin's  major  mineral  resources.  Bituminous 
coal,  the  basin's  leading  mineral  product,  accounts  for  over  75  percent  of 
all  U.S.  production.  Coal -bearing  strata  occur  in  southwestern  Indiana, 
eastern  Illinois,  western  and  eastern  Kentucky,  western  Maryland,  eastern 
Ohio,  western  Pennsylvania,  Tennessee,  Virginia,  and  West  Virginia.  Annual 
production  in  1964  was  379  million  tons  valued  at  $1.68  billion.  Petroleum 
and  natural  gas  wolls  in  Pennsylvania,  Ohio,  Indiana,  Illinois,  and  Kentucky 
produced  86  million  barreis  of  oi i and  377  billion  cubic  feet  of  gas  valued 
at  $350  million.  Drainage  from  mines  and  brine  discharge  from  oil  wells 
cause  stream  pollution  problems.  Coal  mining,  particularly  stripping  oper- 
ations, result  in  movement  of  large  volumes  of  earth  which  creates  problems 
related  to  land  erosion,  sedimentation,  and  pollution  of  streams. 

There  are  abundant  supplies  of  salt,  fire  clay,  glass  sand,  gypsum, 
and  limestone  throughout  the  basin.  Important  deposits  of  fluorspar  occur 
in  western  Kentucky  and  southern  Illinois.  Details  on  mineral  resources 
and  mining  are  given  in  attachment  B to  this  appendix. 

36.  Forests  and  their  products  are  of  major  importance  to  the  basin 
economy.  The  Ohio  Basin  produces  20  to  25  percent  of  the  Nation's  hard- 
wood lumber.  Fifty-nine  percent  of  the  commercial  forest  growing  stock  is 
in  sawtimber,  the  bulk  being  used  for  lumber,  veneer,  plywood,  paper,  and 
other  products.  The  forests  also  provide  wildlife  habitat  and  hunting 
opportunity. 
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37.  Forty-nine  percent  of  the  Ohio  Basin  is  in  the  region  designated 
as  Appalachia.  This  includes  all  of  the  Ohio  Basin  study  area  located  in 
Maryland,  New  York,  North  Carolina,  Pennsylvania,  and  West  Virginia,  and 
parts  of  the  Ohio  Basin  areas  in  Kentucky,  Ohio,  Tennessee,  and  Virginia. 
The  Appalachian  portion  of  the  study  area  is  lagging  in  economic  growth. 

In  I960,  only  49  percent  of  the  inhabitants  were  urban  dwellers.  Farms 
are  generally  small  and  hardly  sufficient  to  support  the  occupants.  In 
some  remote  counties,  as  many  as  75  percent  of  the  families  had  incomes  of 
less  than  $3,000  in  I960.  The  region  is  rugged  and  forested,  of  great 
scenic  beauty,  and  ideal  for  recreation  sites.  Access  by  new  highways  and 
construction  of  reservoirs  can  be  important  in  the  development  of  the  re- 
creation potential.  Solution  of  acid  mine  drainage  problems  in  Appalachia 
would  increase  fish  habitat  and  recreational  use  of  the  streams. 

LAW  AND  POLICY 


38.  The  guidelines  and  constraints  applicable  to  planning  accomplish- 
ment are  established  by  prevailing  law  and  policy.  A general  orientation 
is  therefore  desirable  on  existing  law  and  policy  regarding  basic  authori- 
ties and  responsibilities  of  the  various  agencies  which  establish  the  gov- 
ernmental atmosphere  under  which  planning  studies,  plan  formulation,  and 
development  programs  have  been  accomplished. 

39.  Early  law  and  related  policy  dealt  almost  exclusively  with  de- 
velopment and  regulatory  aspects  of  the  use  of  resources.  Recent  legis- 
lation and  attendant  policy  have  been  concerned  with  defining  more  specifi- 
cally the  fields  of  responsibility;  relationships  of  Federal,  State,  and 
other  non-Federal  entities;  and  the  coordination  and  cooperation  required 
of  these  entities  for  accomplishing  water  resource  planning  and  development 
objectives  in  a unified  and  comprehensive  manner. 


40.  States  and  Commonwealths.  - Despite  the  continuing  trend  toward 
acceptance  of  a greater  degree  of  responsibility  at  the  Federal  level,  many 
aspects  of  management  of  water  and  related  land  resources  are  still  re- 
garded as  primarily,  or  even  exclusively,  non-Federal.  States,  political 
subdivisions,  and  private  interests  have  the  primary  responsibilities  in 
waste  treatment,  pollution  abatement,  public  water  systems  and  treatment, 
electric  power  developments,  watershed  protection  and  management,  recre- 
ation, fishing,  hunting,  and  flood  plain  zoning. 

Ohio  Basin  States  adhere  to  the  riparian  concept  of  surface  water 
rights;  but  this  basic  doctrine  has  been  and  is  still  being  modified  in 
varying  degrees  from  State  to  State.  Many  have  adopted  a "reasonable  use" 
limitation.  Kentucky's  newly  enacted  water  statute  declares  water  occur- 
ring in  any  stream,  lake,  ground  water,  subterranean  water,  or  other  body 
which  may  be  applied  to  any  useful  and  beneficial  purpose,  to  be  a natural 
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resource  and  public  water  of  the  Commonwealth,  subject  to  control  or  regu- 
lation for  the  public  welfare.  With  certain  exceptions,  withdrawal  of 
water  from  such  a source  will,  henceforth,  require  a permit  from  the  De- 
partment of  Natural  Resources. 

The  powers  and  duties  of  State  agencies,  municipalities,  counties, 
townships,  special-purpose  districts  and  private  Interests  have  their 
origin  In  State  constitutions  and  statutes.  Laws  and  policies  governing 
wafer  resource  development  and  use,  as  well  as  the  governmental  and  ad- 
ministrative structure  for  accomplishing  the  planning  and  coordination  of 
water  resource  activities,  vary  among  the  Ohio  Basin  States.  Some  States 
rely  on  the  rules  of  common  law  to  deal  with  the  problems;  others,  on 
statutory  authority  and  law.  In  the  individual  States,  authority  and  re- 
sponsibility for  developing  the  resources  and  regulating  their  use  are 
centralized  to  varying  degrees.  Some  States  operate  In  strict  observance 
of  the  home  rule  concept.  Several  are  at  the  other  extreme,  with  the  ad- 
ministration of  planning,  management,  and  coordination  functions  central- 
ized at  the  State  level.  These  variances  are  reflected  In  different  organ- 
izational alignment,  administrative  procedures,  and  staffing  for  planning 
and  planning  coordination  within  house  and  with  outside  elements. 

Also  significant  is  the  apparent  trend  toward  a greater  centraliza- 
tion of  planning  and  administration  and  an  Improved  coordination  within 
the  States.  Since  the  Ohio  River  Basin  study  began.  West  Virginia  and 
Indiana  have  each  created  a Department  of  Natural  Resources,  Illinois 
created  a Board  of  Economic  Development  for  statewide  planning  and  then 
converted  It  to  a Department  of  Business  and  Economic  Development.  In 
planning  for  water  resources  development,  the  director  of  the  departnnent 
is  assisted  by  a technical  advisory  committee  made  up  of  the  heads  of  agen- 
cies responsible  for  development  and  management  of  water  and  related  land 
resources.  New  York's  Water  Resources  Commission,  a planning  and  policy- 
making body.  Is  somewhat  similarly  constituted.  Recent  legislation  adopted 
by  Ohio  strengthens  its  water  resource  planning,  development,  and  manage- 
ment programs. 

Some  States  have  been  more  active  than  others  In  planning  and  devel- 
oping programs  for  the  management  of  water  and  related  land  resources. 

Lesser  activity  may  be  due  In  part  to  State  law  and  policy,  and  also  to 
differences  in  population  density,  economic  development,  and  financial 
resources  of  the  various  areas. 

"Appendix  J;  State  Laws,  Policies,  and  Programs"  presents  the  framework 
of  the  laws,  policies,  and  programs  in  the  different  basin  States  and  contri 
butes  substantially  to  an  understanding  of  State  and  local  views  toward  plan 
ning  for  and  execution  of  water  and  related  land  resources  development. 

In  addition  to  individual  State  laws,  an  Interstate  compact  creating 
the  Ohio  River  Valley  Water  Sanitation  Commission  was  ratified  by  eight 
States  to  deal  with  regional  water  quality  problems.  Other  existing  Inter- 
state compacts  are  listed  In  Appendix  J. 
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41.  Federal  law.  - At  Federal  level,  departmental  and  agency  author- 
ities and  relative  responsibilities  in  the  water  resources  field  stem  from 
the  various  River  and  Harbor  Acts;  Flood  Control  Acts;  Fish  and  Wildife 
Acts;  Watershed  Protection  and  Flood  Prevention  Acts;  Federal  Power  Act; 
acts  pertaining  to  recreation;  those  concerned  with  water  supply,  pollution 
control,  and  water  quality;  and  the  Water  Resources  Planning  Act  of  1965, 
which  broadens  and  extends  planning  responsibilities  and  authorities  con- 
tained in  prior  acts.  The  acts  applicable  to  departments  and  agencies  par- 
ticipating in  the  Ohio  River  basin  Comprehensive  Survey  are  referenced, 
where  appropriate,  in  the  various  appendices  and  attachrents  to  the  report. 

Policy  for  guidance  of  the  planning  and  coordination  activities  of 
I Federal  agencies  are  contained  in  Senate  Document  No.  97,  approved  by  the 

I President  and  endorsed  by  the  Senate  in  May  1962.  The  document  presents 

I unified  policies,  standards,  and  procedures  to  be  applied  in  the  formula- 

i tion,  evaluation,  and  revision  of  plans  for  use  and  development  of  water 

I and  related  land  resources. 

^ I Senate  Document  No.  97  is  an  expression  of  a broadened  philosophy 

and  expanded  viewpoint  in  national  planning  objectives  and  policy.  Section 
1 III:  Planning  Policies  and  Procedures  provided  that  "All  viewpoints  - 

national,  regional.  State,  and  local  - shall  be  fully  considered  and  taken 
into  account  in  planning  resource  use  and  development.  Regional,  State, 

^ and  local  objectives  shall  be  considered  and  evaluated  within  a framework 

of  national  public  objectives  and  » » * needs.  * * * Planning  by  Federal 
agencies  shall  * * * be  carried  out  in  close  cooperation  with  appropriate 
regional.  State,  or  local  planning  and  development  and  conservation  agen- 
cies, to  the  end  that  regional.  State,  and  local  objectives  may  be  accom- 
plished to  the  greatest  extent  consistent  with  national  objectives.  When  a 
proposed  resource  use  or  development  affects  the  interest  and  responsi- 
, bility  of  non-Federal  public  bodies,  those  bodies  shall  be  furnished  infor- 

!'  mation  necessary  to  permit  them  to  evaluate  the  physical,  economic,  and 

social  effects.  Their  views  shall  be  sought,  consiuered  in  preparation  of 
^ reports  and  included  in  the  final  reports  submitted  to  the  President  and 

E the  Congress  or  other  approving  authority."  Thus,  all  interests.  Federal, 

1;  State,  and  other  non-Federal  entities,  were  enjoined  to  establish  between 

jt  and  among  themselves  a unification  of  purpose  and  a high  degree  of  coor- 

dination  and  cooperation  in  planning  for  future  water  resource  development 
and  use.  To  assist  in  accomplishing  these  purposes  and  help  resolve  any 
i differences  that  might  arise  during  the  Ohio  Basin  study,  a coordinating 

I committee  of  Federal  and  State  delegates  was  formed.  Details  are  given  in 

. "Appendix  A;  History  of  Study", 

i 

! 42.  Gu i de I i nes  for  framework  stud i es . - The  concept  of  framework  or 

type  I planning  studies,  formalized  in  the  Water  Resources  Council's 
"Guidelines  for  Framework  Studies,"  was  conceived  and  promulgated  for 
application  in  the  national  program  for  comprehensive  river  basin  planning. 
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The  full  text  of  the  guidelines,  from  which  pertinent  excerpts  are  stated 
below.  Is  contained  in  Appendix  A. 

The  guidelines  define  the  general  nature  of  study  requirements  and 
limitations.  They  state  that  "Framework  studies  will  be  preliminary  or 
reconnaissance-type  investigations  intended  to  (a)  provide  broad-scaled 
analyses  of  water  and  related  land  resource  problems;  and  (b)  furnish  gen- 
eral appraisals  of  the  probable  nature,  extent,  and  timing  of  tneasures  for 
their  solution."  Further  guidance  given  is  that  "framework  plans  will  be 
based  on  initial  planning  steps  using  general  relations,  reasoned  approx- 
imations, available  data,  and  the  judgment  of  experienced  planners.  While 
potential  sites  may  be  Identified,  project  formulation  studies  will  not  be 
undertaken  at  any  stage  of  framework  planning." 

FRAMEWORK  PLANNING  CONCEPTS 

43.  The  provisions  of  Senate  Document  No.  97  and  "Guidelines  for 
Framework  Studies"  contain  the  policies,  standards,  and  procedures  that 
provided  the  basic  rules  for  formulation  of  the  Ohio  River  Basin  framework 
plans  and  development  programs. 

44.  The  planning  concept  and  process  followed  is  relatively  simple 
in  regard  to  basic  steps  involved,  yet  comprehensive  In  terms  of  inves- 
tigative coverage  and  details  handled.  Procedural  steps  under  the  overall 
framework  planning  concept  are  shown  diagrammatical  I y in  figure  8.  Stated 
in  simplest  terms,  implementation  of  the  planning  process  involved  (a) 
determination  of  the  gross  demand  on  water  and  related  land  resources  by 
the  present  and  projected  production  of  goods  and  requirements  for  serv- 
ices; (b)  assessment  of  the  effectiveness  of  available  resources  and  going 
programs  in  satisfying  the  demands;  (c)  determination  of  net  or  remaining 
demands  on  water  and  related  land  and  assessment  of  net  resource  avail- 
ability; and  finally,  (d)  formulation  of  the  plan  of  development  which 
would  provide  a guide  for  the  best  use  or  combination  of  uses  of  the  avail- 
able water  and  land  resources  in  satisfying  short-  and  long-term  needs. 
Elements  of  the  plan  with  their  cost  were  then  delineated  by  time  periods 
in  accord  with  the  goals  set  in  meeting  development  needs  in  the  basin. 

45.  Key  precepts  In  formulating  the  framework  plan  were  as  follows: 
(a)  The  framework  plan  would  be  accomplished  on  the  premise  that,  as  the 
competition  for  available  resources  increases  in  the  future,  laws  and  man- 
agement policies  would  be  adopted  in  the  entire  basin  to  implement  effi- 
cient development  and  use  of  the  water  and  related  land  resources  in 
accordance  with  need;  and  (b)  budgeting  limitations  imposed  by  future 
availability  of  funds  and  the  necessity  for  other  programs  would  not  be  a 
constraint  on  implementing  the  plan  of  development  identified  as  being 
required  to  meet  projected  needs. 
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46.  The  first  step  in  establishing  water  and  related  land  resource 
requirements  was  "Appendix  B:  Projective  Economic  Study,"  which  evaluated 
economic  factors  throughout  the  basin  and  made  projections  of  future  val- 
ues. The  results  formed  a common  base  for  determination  of  gross  demands 
in  terms  of  products  and  services.  The  appendices  by  part ic Ipat i ng  agen- 
cies provided  basic  data  and  analyses  of  the  various  categories  of  demands 
on  water  and  related  land  resources.  Net  requirements  were  established 

as  those  remaining  after  deducting  the  capabilities  of  the  going  programs 
from  the  gross  requirements.  Assessments  were  made  of  present  and  pro- 
jected gross  and  net  resources.  For  purposes  of  report inq,  numbers  were 
rounded.  Net  requirements  were  compared  with  the  net  resources  available, 
and  potential  means  of  satisfying  unfulfilled  requirements  were  estab- 
lished. These  basic  assessments  provided  a choice  of  alternative  solutions 
to  many  problems.  Section  VI  provides  an  outline  of  the  procedures  follow- 
ed in  formulation  of  the  plan  of  development. 

47.  The  study  was  coordinated  with  the  staffs  of  the  Federal  and 
State  agencies  represented  on  the  Coordinating  Committee.  It  was  also 
coordinated  with  the  comprehensive  studies  for  the  development  of  water 
resources  in  Appalachia  and  the  Wabash  and  Kanawha  Basins.  Local  views 
were  obtained  through  the  State  members  of  the  Coordinating  Committee  and 
by  participation  of  individuals  representing  various  interests  at  Coordi- 
nating Committee  meetings. 


RESOURCES  GOODS  AND  SERVICES  NEEDS 
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GROSS  REQUIREMENTS 

48.  The  magnitude  of  resource  development  problems  can  be  best  Illus- 
trated by  the  fact  that  In  the  last  15  years,  the  Ohio  Basin  has  produced  a 
greater  dollar  value  of  goods  and  services  than  In  all  its  previous  history. 
The  distribution  of  population  and  economic  activity  is  the  dominant  factor 
Influencing  the  demand  on  water  and  related  land  resources.  Analysis  of  the 
changes  in  this  distribution  - past,  present,  and  projected  - when  translated 
into  needs  that  place  a demand  on  utilization  of  the  soils,  minerals,  forests, 
water,  climatic,  and  other  physiographic  and  geologic  assets  of  the  basin, 
provides  basic  guidance  for  resource  development  planning. 

49.  Present  and  future  gross  demands  on  water  and  related  land  resources 
were  assessed  In  the  appendices  prepared  by  various  agencies.  "Appendix  B: 
Projective  Economic  Study"  was  used  as  a basis.  The  dominant  factors  de- 
noting economic  growth  are  Industrial  employment  and  output  trends.  The 
following  paragraphs  summarize  criteria,  assumptions,  and  evaluation  pro- 
cedures used  in  translating  socio-economic  values  Into  gross  water  and  re- 
lated land  requirements.  Pertinent  basic  data  required  for  the  framework 
planning  evaluations  are  summarized  in  tables  at  the  end  of  this  appendix. 

50.  Electric  power.  - Water  use  associated  with  the  production  of 

electric  power  may  be  classified  in  two  general  categories:  (I)  The  with- 

drawal and  consumptive  use  of  large  quantities  of  water  for  cooling  processes 
in  fossil-fuel  and  nuclear-f i red  steam  plants  with  subsequent  dissipation 

of  accumulated  heat  and  (2)  In-stream  use  by  hydroelectric  plants  involving 
principally  the  regulation  of  flow  through  available  hydraulic  head  for 
electric  power  production.  The  extent  of  water  use  for  electric  generation 
and  its  relative  impact  on  other  water  uses  is  directly  related  to  the 
magnitude  and  characteristics  of  power  generation  requirements,  with  areal 
distribution  of  use  and  costs  of  alternate  sources  of  supply  being  primarily 
functions  of  type  and  location  of  power  generation  sources  of  supply. 

In  developing  future  power  requirements  and  elements  of  supply,  the 
Federal  Power  Commission  analyzed  market  conditions  and  the  many  other 
factors  influencing  the  magnitude  and  characteristics  of  requirements  and 
supply.  Needs  of  the  various  classes  of  service  making  up  the  load  to 
be  served  were  projected  to  the  year  2020.  The  power  market,  selected 
primarily  on  the  basis  of  utility  physical  makeup,  areas  served,  and  oper- 
ating relationships  with  neighboring  systems,  is  representative  of  the 
study  area  but  does  not  conform  exactly  to  basin  boundaries.  Generation 
requirements  of  the  basin  service  area  are  summarized  In  the  following 
tabulation: 
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POWER  REQUIREMENTS  OF 

BASIN  UTILITY  MARKET 

! 

Energy  Requirements 

Peak  Demand 

Load  Factor 

- 

Year 

(Billion  kw.-hr. ) 

(Mi  1 1 ion  kw. ) 

(Percent ) 

1965 

132 

22 

68.8 

1980 

316 

54 

67. 1 

2000 

880 

149 

67.4 

2020 

1,726 

291 

67.8 

51.  Total  projected  capacity  Installed  by  2020  In  the  basin  ranges 
upwards  of  400  million  kilowatts.  This  would  include  capacity  to  meet 
the  power  supply  requirements  of  the  basin  market,  reserves,  capacity  to 
supply  other  markets  In  the  form  of  exports,  and  capacity  Installed  by 
systems  not  In  the  selected  market.  About  80  percent  of  the  projected 
total  capacity  is  expected  to  be  installed  in  large  baseload  generating 
stations  with  some  200  million  kilowatts  installed  In  coal -fired  steam- 
plants  located  mostly  In  the  coal  regions  and  approximately  120  million 
kilowatts  provided  by  nuclear-power  plants.  The  remaining  80-mI I I ion- 
kilowatt  capacity  would  be  used  for  peaking,  standby  power,  and  reserve 
needs.  Of  this,  about  40  million  kilowatts  would  likely  be  provided  by 
gas  turbines,  other  special  purpose  peaking  units,  and  old  steamplants. 

The  residual  40  million  kilowatts,  or  10  percent  of  total  capacity  required. 
Is  considered  a reasonable  allocation  of  the  amount  of  hydroelectr Ic  capacity 
to  be  provided  by  2020.  About  85  percent  of  the  hydroelectric  Installation 
would  be  pumped  storage,  and  the  remaining  15  percent,  conventional  plants 
developed  In  conjunction  with  multiple-purpose  reservoirs  and  navigation 
projects.  Figure  9 shows  projected  electric  power  qross  peak  demands. 

See  "Appendix  1:  Electric  Power  Resources  and  Requirements"  for  further 
details  relating  to  power  production. 

52.  Cooling  water  requirements  and  potential  heat  pollution  problems 
associated  with  production  of  power  from  thermal  plants  are  covered  else- 
where In  sections  dealing  with  water  supply  and  water  quality. 

53.  Water  withdrawal  requirements.  - Municipal  and  Industrial  water 
reou I rements,  excepl  Ihose  for  mining  and  electric  power  generation  cooling, 
were  assessed  by  the  Federal  Water  Pollution  Control  Administration  (FWFCA) 
and  the  Public  Health  Service  (PHS).  For  purpose  of  studying  and  projecting 
water  requirements,  the  basin's  19  economic  subareas  were  subdivided  Into 

61  areas.  Per-capita-use  figures  previously  published  for  various-size 
cities  were  modified  In  accord  with  more  recent  data  collected  by  State 
agencies  and  applied  to  the  population  projections.  It  is  estimated  that 
70  gallons  per  capita  per  day  (g.p.c.d.)  are  needed  for  domestic  and  com- 
mercial use.  Cities  of  50,000  to  100,000  population  use  approximately 
135  g.p.c.d.  including  domestic,  commercial,  industrial,  and  other  uses 
within  these  cities.  Future  use  is  projected  to  increase  depending  on  type 
of  activity  and  leveling  off  at  a maximum  of  about  150  g.p.c.d. 
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Industrial  water  requirements  not  within  the  municipal  sector  were 
assessed  In  terms  of  dally  use  per  employee  for  each  type  of  industry. 

Base  year  industrial  water  use  was  obtained  by  tabulating  water  use  of  the 
manufactur Ing  Industries  by  Standard  Industrial  Classification  (SIC)  as 
given  in  the  report  "1963  Census  of  Manufactures:  Water  Use  in  Manufacturing." 
They  were  derived  for  each  county  and  then  divided  by  employment  to  obtain 
water  requirements  per  employee.  More  specific  information  obtained  from 
industry  was  used  where  available.  Future  employee  water  use  was  modified 
by  expected  changes  In  technology  and  increased  productivity.  Water  needed 
In  the  future  per  unit  output  is  expected  to  decrease  from  amounts  currently 
used.  Base  year  (I960)  and  projected  gross  demands  for  municipal  and  Indus- 
trial water  supply,  by  subbasins,  are  summarized  in  table  5.  Consumptive 
use  was  estimated  to  be  10  percent  of  total  withdrawal  for  municipal  systems 
and  2 percent  for  Industry.  Details  on  water  use  and  the  basis  for  pro- 
jections are  given  In  "Appendix  D:  Water  Supply  and  Water  Pollution  Control." 
Water  used  in  mining  operations  is  discussed  in  attachment  B to  this  appendix, 

54.  Water  requirements  for  rural  communities,  for  irrigation,  and  for 
domestic  and  livestock  use  on  farms  were  determined  by  the  Department  of 
Agriculture  for  each  subbasin.  Subarea  summary  data  are  given  in  tables  6 
and  7,  Table  8 provides  summary  data,  by  subbasins,  on  economic  potentials 
of  irrigation.  Details  are  given  in  "Appendix  F:  Agriculture."  Irrigation 
water  requirements,  by  time  periods,  were  derived  from  agricultural  economic 
studies  on  demands  for  food  and  fiber  with  reference  to  areas  which  have 
soil  types  suitable  for  supplementary  irrigation.  It  was  estimated  that  an 
average  of  6 to  7 inches  of  annual  supplemental  water  could  be  required  by 
2020  over  the  irrigated  area.  The  period  of  primary  need  is  from  July 
through  August.  In  dry  years,  the  amount  may  be  as  high  as  10  Inches. 
Consumptive  use  Is  estimated  to  be  100  percent  of  the  total  withdrawals 
since  there  is  little  return  flow  to  streams. 

55.  The  determination  of  annual  demands  for  thermal  electric  power 
cooling  water  was  based  on  power  production  and  power  plant  cooling  data 
furnished  by  the  Federal  Power  Commission.  "Appendix  I:  Electric  Power 
Resources  and  Requirements"  gives  pertinent  details. 

Cooling  water  requirements  for  thermal  electric  power  production  are 
based  on  water  use  per  kilowatt  of  plant  capacity  and  vary  with  the  type 
of  cooling  units,  plant  efficiency,  annual  capacity  factor,  and  the  per- 
missible rise  In  temperature  of  the  body  of  water  which  receives  the  used 
cooling  water.  For  plants  utilizing  once-through  cooling,  a withdrawal 
of  1.4  cubic  feet  per  second  (0.9  million  gallons  per  day)  per  1,000  kilowatts 
of  plant  capacity  is  needed  for  a temperature  rise  of  13®  F.  in  the  condenser 
water.  Consumptive  water  losses  per  1,000  kilowatts  amount  to  about  0.01 
c.f.s.  for  once-through  systems,  0.015  c.f.s.  for  cooling  ponds,  and  0.02 
c.f.s.  for  cooling  towers.  Cooling  water  requirements  for  nuclear  plants 
are  approximately  30  percent  higher  than  for  fossil-fuel  plants. 
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For  purposes  of  projections,  It  was  assumed  that  about  50  of  75  million 
kilowatts  In  plants  presently  completed  or  planned  for  completion  by  1980 
would  use  once-through  cooling.  It  is  recognized,  however,  that  water  quality 
criteria  recently  adopted  by  the  States  with  respect  to  stream  temperatures 
may  require  supplemental  cooling.  The  remaining  25  million  kilowatts  would 
use  water  Impoundments  or  evaporative  cooling  towers.  Beyond  1980  It  Is 
anticipated  that  thermal  pollution  problems  associated  with  once-through 
cooling  will  become  critical  throughout  the  basin;  therefore,  new  water 
requirements  after  1980  are  based  on  use  of  primarily  the  evaporative  cooling 
method . 

Cooling  water  requirements  to  be  met  In  each  of  the  subbasins  through 
1980,  were  determined  on  the  basis  of  generating  capacity  projected  to  be 
Installed  in  each  subbasin.  Total  cooling  water  requirements  after  1980 
were  determined  for  the  study  area  and  then  prorated  to  each  subbasin  on 
the  basis  of  the  1980  ratio  of  subbasin  to  total  basin  installed  capacity. 

Gross  water  requirements  for  each  of  the  general  categories  of  demand 
are  summarized  below  in  terms  of  average  withdrawals; 

GROSS  WATER  SUPPLY  DEMANDS  - AVERAGE  WITHDRAWALS 


^ 

1 Ions  of  Gal  Ions 

Per  Day) 

Use 

1965 

1980 

2000 

2020 

Municipal 

1,743 

2,305 

3,292 

4,777 

Manufacturing  Industries 

9,81  1 

11,730 

16,065 

23,480 

Electric  Power  Cooling 

19,200 

29,000 

46,000 

63,000 

Mining 

289 

51  1 

974 

1,894 

Rural,  Nonfarm  Domestic 

587 

673 

794 

934 

L i vestock 

1 16 

129 

194 

258 

Farm  Domestic 

46 

39 

37 

36 

1 rrigatlon 

46 

102 

352 

682 

Tota  1 

31,838 

44,489 

67,708 

95,061 
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Consumptive  use  losses  included  in  gross  demand  totals  are  set  forth 
in  the  following  tabulation: 


AVERAGE  CONSUMPTIVE  USE 
(Millions  of  Gallons  Per  Day) 


Use 

1965 

1980 

2000 

2020 

Municipal 

174 

231 

329 

478 

Manufacturing  Industries 

196 

235 

321 

470 

Electric  Power  Cooling 

158 

356 

705 

1 ,240 

Mining 

53 

79 

133 

244 

Rural,  Nonfarm  Domestic 

391 

449 

530 

623 

Livestock 

116 

129 

194 

258 

Farm  Domestic 

46 

39 

37 

36 

Irrigation 

46 

102 

352 

682 

Tota  1 

1,180 

1 ,620 

2,601 

4,031 

Gross  water  demands  and  increments  of  consumptive  use  are  shown 
graphically  in  figure  10. 

56.  Water  quality  control.  - In  deriving  water  quality  control  gross 
needs,  the  Federal  Water  Pollution  Control  Administration  (FWPCA)  assumed 
that  all  wastes  have  been  given  secondary  treatment  or  equivalent  reduction 
before  discharge  to  the  stream.  An  equivalent  of  0.25  pounds  of  ultimate 
biochemical  oxygen  demand  (BOD)  per  person  per  day,  was  applied  to  total 
municipal  populations.  Although  many  secondary  treatment  plants  remove 
more  than  85  percent  of  the  incoming  biochemical  oxygen  demands,  this  per- 
centage represents  an  average  efficiency  for  a large  group  of  plants. 

Figure  II  shows  the  Ohio  River  Basin  wasteloads  by  time  periods.  Table  9 
gives  the  residual  was'^’e,  in  population  equivalents  (PE),  expected  to  enter 
the  streams  of  each  sub.iasin  from  municipal  and  industrial  waste  treatment 
plants.  The  gross  residual  wasteloads  for  the  study  area,  with  85  percent 
of  the  biochemical  oxygen  demand  removed  by  sewage  treatment,  are  sum- 
marized below; 

1965  1980  2000  2020 

Millions  of  Population  Equivalents  4.6  6.0  8.8  13.4 

57.  The  requirements  for  organic  water  quality  control  are  based  on 
standards  generally  accepted  in  1965.  Maintenance  of  a level  of  4 parts 
per  mi  I I ion  of  oxygen  at  a temperature  of  25  C.  in  the  streams  was  used 
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as  a basis  to  evaluate  development  needs.  Subsequent  to  1965,  most  States 
established  for  many  streams  higher  standards  than  those  used  in  this  report. 
The  unit  of  measurement  for  organic  waste  does  not  take  Into  account  chemical 
pollution  that  may  be  of  equal  or  greater  significance  for  some  uses  and  In 
some  areas.  In  general,  however,  the  residual  organic  waste  problems  are 
most  critical,  and,  if  solved  by  streamflow  supplementation,  a satisfactory 
chemical  quality  usually  will  also  be  provided.  A 7-consecutive-day  low 
streamflow,  having  a recurrence  interval  of  once  in  10  years  was  used  as 
a design  flow  to  determine  the  assimilative  capacity  of  the  various  streams. 
Details  on  the  methodology  used,  location  of  problem  areas,  and  the  minimum 
streamflow  required  at  selected  locations  in  each  subbasin  are  given  in 
Appendix  0 and  are  summarized  for  each  subbasin  In  attachment  A to  this 
appendix.  Specific  problems  of  acid  drainage  and  chemical  wastes,  as  well 
as  health  factors,  must  be  considered  in  addition  to  the  maintaining  of  a 
certain  amount  of  dissolved  oxygen  In  the  streams.  Detailed  studies  will 
be  necessary  to  define  the  problems. 

58.  Mine  drainage  water  flows  into  most  of  the  streams  in  the  coal- 
producing  areas  of  the  basin.  Nine  of  the  eleven  States  In  the  basin  have 
significant  mine  drainage  pollution  problems.  Discharge  from  operating 
and  abandoned  mines  causes  the  principal  problems.  Figure  12  shows  the 
areas  of  acid-polluted  streams.  The  Allegheny  and  Monongahela  Rivers  and 
small  tributaries  of  the  upper  Ohio  River  are  major  contributors.  The 
future  problem  may  be  indicated  by  the  fact  that  only  10  percent  of  the 
basin's  known  coal  resources  have  been  extracted,  and  50  to  75  percent  of 
the  existing  acid  load  comes  from  abandoned  mines.  In  many  cases,  the  acids 
in  the  water  combine  with  iron  precipitates  to  form  yellow  masses,  causing 
unsightly  conditions  in  the  streams,  killing  fish,  and  damaging  other 
aquatic  life.  Acid  also  makes  water  objectionable  for  manufacturing  uses, 
and  industrial  and  municipal  water  supplies  have  to  be  specially  treated. 
Brine  from  oil  wells  and  natural  salt  outcroppings  also  pollute  streams 

as  does  runoff  carrying  fertilizers  and  pesticides  from  agricultural  areas. 
Sediments  are  also  stream  pollutants,  but  these  are  considered  primarily 
under  erosion  control,  land  treatment  and  management,  and  reservoir  space 
provided  in  reservoirs  for  sediment. 

59.  Flood  control.  - Assuming  there  were  no  flood  control  facilities 
In  existence,  total  gross  potential  averaae  annual  damages  based  on  the 
1965  level  of  flood  plain  development  in  the  Ohio  River  Basin  are  estimated 
by  the  Corps  of  Engineers  and  Soil  Conservation  Service  to  be  about  $350 
million.  Continued  expansion  of  the  economy  and  projected  growth  In  the 
flood  plains  would  Increase  these  potent  la  I damages  to  perhaps  a billion 
dollars  annually  by  2020.  With  protection  at  the  level  of  the  1965  flood 
control  program,  however,  the  1965  residual  damages  of  $111  million  are 
projected  to  only  $296  million  by  2020. 

The  1937  flood  was  the  most  disastrous  that  has  occurred;  more  than 
500,000  persons  were  driven  from  their  homes,  and  65  lost  their  lives. 
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Virtually  all  rail,  telegraph,  telephone,  power,  and  transportation  facili- 
ties along  the  Ohio  River  and  many  tribuatrles  were  Interrupted  for  periods 
lasting  from  a week  to  a month,  and  business  and  Industry  were  paralyzed. 
Oameges  exceeded  S400  million.  Larger  floods  could  occur,  and  the  effect 
would  be  severe,  even  with  existing  control  facilities. 

For  purposes  of  this  study,  the  basin  was  divided  Into  upstream  and 
downstream  areas.  Upstream  areas  are  those  with  a drainage  area  of  less 
than  230,000  acres  where  damages  are  primarily  rural. 

Future  urban  residential  damages  were  based  on  the  projected  level 
of  expenditures  for  housing  and  household  goods  and  services  and  on  the 
number  of  housing  units  estimated  as  likely  to  occupy  flood-prone  areas 
after  flood  plain  regulation.  Industrial  damages  were  projected  to  grow 
at  the  rate  of  change  in  the  total  manufacturing  output  or,  where  at 
specific  locations  it  was  apparent  that  a particular  Industry  mainly  would 
be  exposed  to  flood  hazard,  at  the  rate  of  change  In  the  production  levels 
of  that  Industry.  Projected  agricultural  damages,  determined  by  the  Corps 
of  Engineers,  were  derived  by  relating  present  residual  flood  damages  to 
Indices  of  projected  changes  In  acreage  and  yield  per  acre. 

The  procedure  used  by  the  Department  of  Agriculture  for  projecting 
upstream  damages  Is  based  on  the  assumptions  that  (I)  present  flood  risks 
will.  In  general,  continue  to  be  taken  and  (2)  a continuing  growth  can  be 
expected  in  agricultural  technology.  The  factors  used  to  project  flood 
damages  to  crops  and  pasture  under  future  conditions  were  derived  by  com- 
paring present  flood  plain  use  and  yield  levels  to  the  projected  agricul- 
tural levels  for  each  of  the  basin  subareas.  These  factors  were  then 
applied  to  average  annual  losses  under  present  development. 


RESIDUAL  AND  PROJECTED  AVERAGE  ANNUAL  DAMAGE 
(With  the  1^63  Flood  Control  Program  In  Effect ) 


1963 

I960 

2000 

2020 

Ml  1 1 ions  of  Dol lars 

1 1 1 

144 

203 

296 

Of  the  current  residual  damages,  S38  million  are  In  downstream  areas, 
and  $33  million  are  in  upstream  areas.  Table  10  provides  summary  data 
on  subbasin  flood  damages.  Figure  13  shows  the  potential  flood  damages. 
Details  on  flood  control  are  given  In  Appendix  M. 

60,  Navigation.  - In  1963  freight  traffic  on  the  Ohio  River  system 
(excluding  the  Tennessee  River)  was  about  27  billion  ton-miles.  By  2020, 
the  basin's  industrial  output  is  projected  to  grow  to  nearly  seven  times 
Its  I960  value  and  should  bo  accompanied  by  a parallel  Increase  In  water 
transport  of  the  bulk  products  of  the  mining,  manufacturing,  and  petroleum 
Industries.  Navigation  on  the  waterways  in  the  study  area  is  projected 
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to  reach  about  147  billion  ton-miles  by  2020.  Figure  14  shows  the  I960 
and  projected  freight  traffic  on  the  study  area  waterways  system.  Table  14 
gives  the  demand  for  water  transport  In  the  region. 

Traffic  through  Individual  Ohio  River  locks  ranged  In  1965  from  18  to 
30  million  tons.  Lock  No.  52  was  the  busiest  on  the  river.  By  2020,  it 
Is  estimated  that  an  annual  movement  approximating  155  million  tons  may  be 
expected  through  each  of  several  navigation  structures. 

61.  Projections  of  waterborne  commerce  for  the  Ohio  River  and  navi- 
gable tributaries  were  derived  by  relating  projected  indices  of  demands  for 
commodities  susceptible  to  water  transport  to  historical  area-to-area  move- 
ments by  water.  The  commodity  groups  considered  were  coal  and  coke; 
petroleum  and  allied  products;  Iron  and  steel;  chemicals  and  sulfur;  stone, 
sand,  and  gravel;  and  unclassified.  The  following  tabulation  summarizes 
the  1965  and  projected  Ohio  River  system  commerce: 


1965 

I960 

2000 

2020 

Billion  Ton-MI les 

Ohio  River 

23.3 

42.0 

76.0 

127.0 

Tributaries  (Tennessee  River  omitted) 

4.0 

6.1 

10.0 

14.3 

Potential  New  Waterways 

1.2 

4.5 

6.  1 

Total  in  Study  Area 

27.3 

49.3 

90.5 

147.4 

62.  Outdoor  recreation.  - In  the  last  two  decades  of  increased  leisure 
time,  outdoor  recreation  has  attained  a recognized  status  of  importance  In 
the  nation's  social  and  economic  life.  The  demand  for  recreation  has  in- 
creased the  States’,  local,  and  Federal  participation  in  water  resources 
development  and  has  resulted  in  legislation  redefining  Federal  responsibility 
for  water-related  recreation.  Outdoor  recreation  as  used  herein  includes 
that  part  of  leisure-time  activities,  except  hunting  and  fishing,  which 
utilize  water  and  related  land  recreational  facilities.  Increased  life 
expectancy,  a changing  age  distribution,  a population  shifting  from  rural 

to  urban  sotting.  Income  changes,  and  Improvement  of  travel  facilities 
have  been  Important  factors  In  its  rapid  growth.  Approximately  58  percent 
of  the  basin's  inhabitants  In  I960  wore  urban  dwellers,  and  It  is  estimated 
that  by  the  year  2020,  the  figure  will  be  75  percent. 

63.  About  half  of  the  population  prefers  water-related  recreation 

to  other  outdoor  leisure-time  activities.  This  share  Is  expected  to  increase 
as  now  reservoirs  provide  greater  opportunities  and  as  new  activities  are 
developed.  Improved  highway  systems  and  more  rapid  and  economical  modes 
of  transportation  enhance  people's  ability  to  travel,  thus  inducing  a 
further  increase  in  recreation  demand. 
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OUTDOOR  RECREATION  DEMANDS 

1965  1980  2000  2020 

Million  Recreation-Days  Annually  220  391  710  1,030 

The  projections  are  based  on  an  analysis  of  eight  activities  - swimming, 
boating,  water  skiing,  picnicking,  camping,  sightseeing,  nature  walks,  and 
walking  - as  indicators  of  the  outdoor  recreation  demands  on  water  and 
related  land  resources.  It  was  assumed  that  the  I960  visitation  was  equiva- 
lent to  the  supply  and  the  average  individual  participated  in  2.5  activities 
during  a visit  to  an  area  in  which  the  eight  selected  activities  were  avail- 
able. It  was  considered  that  standard  metropolitan  statistical  areas  were 
focal  points  from  which  most  of  the  recreation  demand  originated  and  that 
about  90  percent  of  recreation  use  occurred  within  125  miles  of  the  origi- 
nation point.  Details  on  demands  for  recreation  are  given  in  "Appendix  H: 
Outdoor  Recreation."  Figure  15  illustrates  the  1965  and  projected  desires 
for  outdoor  recreation  within  the  basin,  together  with  hunting  and  fishing. 
Subbasin  summary  data  for  I960  and  projected  demands  are  provided  in  table  11. 

64.  Fishing  and  hunting.  - Gross  demands  for  fishing  and  hunting  were 

determined  through  analyses  of  locally  developed  use  inventories  supple- 
mented by  regional  statistics  and  data  from  the  "I96O  National  Survey  of 
Fishing  and  Hunting,"  by  the  Bureau  of  Sport  Fisheries  and  Wildlife.  Indices 
for  projecting  were  selected  from  functions  of  leisure  time,  desire  to  partici- 
pate, license  sales,  availability  of  hunting  and  fishing  opportunity,  and 
residential  environment.  These  factors  were  applied  to  projected  popula- 
tions. "Appendix  G:  Fish  and  Wildlife  Resources,"  prepared  by  the  Bureau 

of  Sport  Fisheries  and  Wildlife  and  the  Bureau  of  Commercial  Fisheries, 
provides  the  details  of  the  demand  for  these  activities  and  the  resources 
available  in  the  basin. 

65 . In  1 960 . 2.6  million  sport  fi shermen  engaged  in  21.8  million  angler- 
days  on  591,000  acres  of  ponded  waters  and  46,000  miles  of  fishable  streams 

in  the  basin.  The  national  survey  indicated  that  8 percent  of  the  adult 
population  would  have  liked  to  take  up  fishing,  and  13  percent  of  those 
v;ho  did  fish  would  have  liked  to  fish  more  than  they  did. 

Future  demand  for  commercial  fishing  is  based  on  an  increased  per  cap  i ta 
consumption  of  fresh  water  fish  products.  The  I960  commercial  catch  in  the 
basin  was  2.5  million  pounds  of  fish  and  2.3  million  pounds  of  shellfish. 
Although  commercial  fishing  is  not  of  major  significance  in  the  economy  of 
the  basin,  a potential  for  increasing  the  commercial  fish  harvest  is  avail- 
able in  the  lakes  and  streams.  Improved  habitat,  better  management 
programs,  and  effective  regulations  are  required  to  meet  projected  demands. 
Also,  extensive  modernization  of  commercial  fishery  harvesting,  processing, 
and  marketing  techniques  and  organization  will  be  required. 
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Approximately  2.3  million  hunters  enjoyed  21.7  million  days  of  hunting 
in  i960.  Over  1 million  adults  in  that  year  would  have  liked  to  take  up 
hunting,  while  5 percent  of  the  hunters  would  have  liked  to  hunt  more. 

A major  problem  in  providing  for  needed  hunting  opportunity  is  the  poor 
distribution  of  existing  facilities.  Future  hunting  areas  must  be  made  more 
attractive  or  located  closer  to  areas  of  demand.  Substantial  future  demands 
will  have  to  be  met  on  private  lands.  Intensified  management  of  all  habitat 
which  provides  hunting  opportunities  and  more  effective  hunting  regulations 
are  needed. 

The  following  is  a summary  of  the  I960  use  and  projected  gross  demands 
for  the  Ohio  River  Basin: 


I960 

1980  2000 

2020 

Millions 

Angler-Days 

21  .8 

35.2 

40.7 

51. 

.8 

Hunter-Days 

21.7 

25.5 

26.6 

28, 

.6 

Commercial  Fish  Catch,  Pounds 

2.5 

14.2 

20.9 

27, 

.5 

Demands  for  sport  fishing  and  hunting  are  given  in  tables  12  and  13 
of  this  appendix  and  are  shown  in  figure  15.  Details  are  covered  in 
"Appendix  G:  Fish  and  Wildlife  Resources," 

66.  Related  lands.  - Although  all  lands  in  the  basin  are  considered 
part  of  the  resources  which  contribute  to  and  influence  in  various  ways 
the  water  resource  development  of  the  region,  only  certain  lands  can  be 
identified  as  closely  water-resource-related.  A distinction  therefore 
is  made  between  the  basin's  total  104  million  acres  which  will  require 
management  considerations  in  order  to  better  serve  the  socio-economic 
needs  of  the  basin  and  that  part  related  to  streamflow  control  or  in-place 
use  of  water.  Figure  16  shows  I960  land  use  and  projected  changes  to  2020. 
Figure  17  shows  crop,  livestock,  and  timber  demands. 

As  regards  total  basin  needs,  rehabilitation  of  mining  lands,  par- 
ticularly the  742,800  acres  disturbed  by  strip  mining,  is  an  urgent  require- 
ment. Forest  management,  including  better  fire  prevention  and  Insect 
control,  will  also  need  additional  attention.  The  1965  and  projected  gross 
land  development  needs  are  summarized  as  follows: 


1965 

1980 

Thousand 

2000 
1 Acres 

2020 

Land  Treatment  and  Management 

3,443 

21,812 

42,856 

54,474 

Irrigation 

91 

215 

774 

1 ,419 

Dra i nage 

12,088 

15.348 

16,162 

16,617 
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67,  The  Water  Resources  Council's  guidelines  for  framework  studies 
define  related  lands  as  "That  land  on  which  projected  use  and/or  management 
practices  may  cause  significant  effects  on  the  runoff  and/or  quantity  and/or 
quality  of  the  water  resource  to  which  it  relates."  Related  lands  Include 
the  lands  directly  utilized  for  water  resources  projects  and  adjacent  lands 
necessary  for  operation  and  use  of  the  development.  These  are  defined  in 
the  plan  formulation  procedures  as  part  of  the  water  resources  and  related 
land  development  program, 

68.  Environmental  factors.  - Nature's  bounty  Is  being  squeezed  by 
population  increases  and  the  technological  and  economical  pressures  of 
man's  desire  to  better  himself.  In  serving  this  end,  the  land  has  been 
ravaged,  the  streams  polluted,  and  areas  of  quiet  and  solitude  are  hard. 

If  not  Impossible,  to  find.  And  yet,  with  greater  income  and  more  leisure 
time,  man's  search  for  his  historical  background  and  a better  environment 
becomes  more  Intensified, 

In  the  development  of  water  and  related  land  resources,  the  consider- 
ation of  environmental  factors  Is  greatly  increasing  in  importance.  Through 
proper  planning  and  implementation,  this  development  can  enhance  the  envir- 
onment in  many  Instances.  For  example,  reduction  of  floods  and  sustained 
streamflows  may  Increase  wildlife  habitat,  assure  "white  water"  the  year 
around,  and  contribute  to  the  aesthetics  themselves  or  make  areas  of  natural 
beauty  more  accessible.  Human  and  social  values  must  be  more  closely  defined 
to  provide  sound  guidance  in  evaluating  alternatives.  The  benefit  of  a 
beautiful  scene  cannot  be  evaluated  in  dollars  and  cents,  and  yet,  the  means 
of  passing  judgment  on  this  worth  in  regard  to  changes  brought  about  by 
resource  development  must  be  made  available.  As  stated  in  Senate  Document  No. 
97,  87th  Congress,  the  "Well-being  of  all  the  people  shall  be  the  overriding 
determinant  In  considering  the  best  use  of  water  and  related  land  resources. 
Hardship  and  basic  needs  of  particular  groups  within  the  general  public 
shall  be  of  concern,  but  care  shall  be  taken  to  avoid  resource  use  and 
development  for  the  benefit  of  a few  or  the  disadvantage  of  many."  The 
technology  to  serve  any  of  man's  desires  is  available;  however,  in  the  final 
analysis,  the  voice  of  the  people  and  willingness  to  pay  will  be  deter- 
mining in  providing  for  these  desires. 

In  implementing  the  projects  needed  to  fulfill  the  goals  set  forth  in 
the  framework  plan,  early  consideration  of  the  environmental  factors  is 
necessary  to  blend  the  views  of  many  disciplines  into  a product  that  serves 
the  Ohio  Eiasin  and  the  Nation  best.  Preservation  of  historic  sites,  areas 
of  rare  ecological  or  archeoloa ica I value,  or  scenic  sites  must  be  considered 
In  water  and  related  land  develooment.  The  framework  study  for  the  Ohio 
River  basin  has  not  defined  specific  sites  because  project  selection  was  not 
a part  of  the  program.  However,  as  sites  are  chosen  for  the  implementation 
of  the  program  and  detailed  planning  progresses,  environmental  factors 
must  be  fuliv  considered  throughout  the  entire  oroject  formulation  process. 
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GOING  DEVELOPMENT  PROGRAMS 

69.  Water  resource  management  and  development  programs  are  continu- 
ously being  modified  to  fulfill  changing  requirements  occasioned  by  changes 
In  technology  and  economic  trends,  people's  desires,  and  other  factors. 

The  following  is  an  assessment  of  the  going  programs  for  water  and  related 
land  resource  development.  Part  of  the  program  is  Federal,  but  a large 
part  Is  accomplished  by  State,  local,  and  private  Interests  either  as  joint- 
ly financed  projects  or  as  independent  but  coordinated  actions.  Large 
multipurpose  programs,  having  widespread  benefits  and  consequences,  must 
necessarily  be  the  responsibility  of  many  levels  of  Interests  which  range 
from  private  to  Federal. 

The  going  development  program  of  resource  development,  management, 
and  use  Includes  the  following:  (a)  Corps  of  Engineers  facilities  and 

measures  that  were  existing,  under  construction,  or  under  planning  for 
construction  as  of  July  1965,  and  also  the  Mound  City  and  Smithland  locks 
and  dams,  Ohio  which  by  the  end  of  1965  had  entered  preconstruction 

status,  (b)  PL  566  watershed  projects  authorized  as  of  July  1965,  (c)  non- 
Federat  reservoirs  completed  by  that  date,  and  (d)  other  development  and 
management  programs,  by  Federal  and  non-Federal  agencies  and  by  private 
Interests,  which  were  in  effect  at  that  time.  Although  the  various  programs 
Included  are  apparently  at  different  milestones  In  their  development,  the 
common  yardstick  applied  for  establishing  their  status  as  "In  the  going 
program"  is  that  they  are  either  In  existence  or  positive  actions  have 
been  taken  to  provide  reasonable  assurance  that  they  will  continue,  essen- 
tially as  programmed,  through  completion.  The  following  is  a resume  of 
the  going  water  and  related  land  resource  development  programs  available 
or  planned  to  serve  present  and  projected  demands. 

70.  The  oldest  and  largest  basinwide  development  programs  have  been 
agricultural  drainage,  navigation,  and  flood  control.  Over  one-tenth  of 
the  study  region  lands  have  agricultural  underdrains  which  make  the  rich, 
but  relatively  tight  soils,  very  productive.  About  80  percent  of  the 
drained  lands  are  in  the  States  of  Ohio  and  Indiana. 

The  Ohio  River  waterways  system  Is  an  integral  part  of  the  Mlsslsslppl- 
River-Gulf  Intracoastal  Waterway  system.  The  27  billion  ton-miles  of  traffic 
carried  In  1965  on  the  Ohio  River  and  Its  tributaries,  excluding  the  Ten- 
nessee River,  amounted  to  over  25  percent  of  the  total  U.S.  Internal  water- 
borne commerce.  The  navigation  facilities  provide  slack  water  on  the  Ohio 
River  for  Its  entire  length  of  981  miles  and  for  1,131  miles  on  tributary 
streams  In  the  study  area.  A depth  of  9 feet  or  more  is  maintained  on  the 
Ohio  River  and  689  miles  of  the  tributaries.  The  remaining  tributary  channels 
are  maintained  at  lesser  depths.  The  facilities  are  being  continuously 
modified  to  serve  Increasing  needs.  Original  locks  and  dams  on  the  Ohio 
River  are  being  replaced  by  higher  lift  structures  to  provide  deeper  and 
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longer  pools  (one  is  nearly  114  miles  In  length)  and  to  reduce  the  number 
of  structures  from  33  (in  July  1965)  to  19.  Lock  sizes  on  the  Ohio  River 
are  being  increased  to  110  by  1,200  feet.  Replacement  programs  are  also 
underway  on  certain  tributaries.  The  total  system  Is  Illustrated  on  figure 
18,  Details  of  Ohio  River  Basin  navigation  facilities  are  given  In  "Appen- 
dix L:  Navigation." 

The  July  1965  water  resources  development  program  of  the  Corps  of 
Engineers  Included  about  28  million  acre-feet  of  reservoir  storage,  of 
which  about  17  million  was  for  flood  control.  Flood  control  programs  also 
included  372  miles  of  levees  and  floodwalls  and  207  miles  of  channel  Im- 
provements. Figure  19  shows  the  location  of  Corps  of  Engineers  reservoirs, 
local  flood  protection  projects,  and  navigation  locks  and  dams  In  the 
going  programs.  Impoundments  for  navigation  on  the  Ohio  River  and  the 
tributaries,  excepting  the  Cumberland  River,  do  not  serve  a flood  control 
purpose.  Purposes  served  by  reservoirs  In  the  program  are  given  in  the 
following  tabulation: 

Purposes  Served  by  Corps  of  Eng  I neers  Storage  Projects 


Purpose 

Com- 

pleted 

Under 

Con- 

struction 

Precon- 
struction 
Plann i nq 

Tota 

Flood  Control 

40 

23 

12 

75 

Low  Flow  Augmentation 

9 

1 1 

6 

26 

Water  Supply 

3 

1 

4 

8 

Hydroelectric  Power 

3 

3 

0 

6 

Recreation,  Fishing, 
and  Hunting 

40 

24 

12 

76 

Total  Number  of  Reservo  1 

i rs  40 

24 

12 

76 

Data  on  the  program  are  given  in  tables  15  and  19.  Although  many  of 
the  earlier  reservoir  projects  have  been  designed,  built,  and  operated 
under  a multiple-purpose  concept  in  its  broadest  connotation,  a primary 
purpose  (usually  flood  control)  had  often  prevailed  over  other  purposes 
considered  largely  incidental.  Relative  Importance  of  the  various  aspects 
of  water  control  established  the  pattern.  Industrial  growth  and  an  ex- 
panding population  have  brought  substantial  change  to  the  overall  framework 
of  relative  needs  and  values,  and  many  of  these  projects  have  become  truly 
multipurpose.  Most  of  the  projects  have  seasonal  pools  for  recreation 
and  conservation.  At  the  end  of  the  flood  season,  the  pools  are  raised 
to  conserve  surplus  waters  and  provide  improved  recreational  conditions. 

The  release,  at  the  end  of  the  recreation  season,  of  this  stored  water 
provides  flow  supplementation  during  the  fall  when  needed  for  quality 
control . 


IV-13 


REQUIREMENTS  FOR  PRODUCTS  AND  SERVICES 


The  Ohio  River  Division  of  the  Corps  of  Engineers  has  launched  a 
program  to  modernize  the  functional  operation  of  completed  reservoir  pro- 
jects. In  anticipation  of  a substantial  upgrading  of  computer  and  communi- 
cation facilities,  analytic  procedures  are  being  programmed  to  provide  for 
day-to-day  evaluation  of  the  overall  basin  water  resource.  Including  the 
effects  of  reservoir  regulation.  This  capability  for  rapid  analysis  of 
large  volumes  of  data  will  provide  a means  of  operating  projects  more  effec- 
tively on  a comprehensive  systems  basis. 

On  August  10,  1966,  the  President  issued  Executive  Order  No.  11296 
directing  all  Federal  agencies  to  evaluate  flood  hazards  In  locating  feder- 
ally owned  or  financed  buildings,  roads,  and  other  facilities  and  In  disposing 
of  Federal  lands  and  properties. 

71.  The  Flood  Control  Acts  of  1936,  1938,  and  1944  vested  In  the 

Department  of  Agriculture  responsibility  for  * * investigations  of 
watersheds  and  measures  for  run-off  and  waterflow  retardation  and  soil 
erosion  prevention  on  watersheds  * * Increased  attention  to  watershed 

problems  resulted  in  the  initiation  of  pilot  projects  In  1953  and  the 
enactment  of  Public  Law  566,  the  Watershed  Protection  and  Flood  Prevention 
Act,  in  1954.  This  act  was  to  fill  the  gap  in  resource  development  between 
larger  reservoirs  and  individual  on-farm  conservation  measures.  Local  and 
State  agencies  are  responsible  for  program  obligations.  Since  passage  of 
the  act,  the  number  of  watershed  projects  has  been  rapidly  increasing. 

This  trend  is  expected  to  continue.  The  going  program  includes  author Izat Ion 
for  construction  of  detention  structures  and  channel  improvements  in  74 
basin  watersheds.  Subbasin  summary  information  is  given  in  table  16. 

Project  data  are  given  In  table  20, and  locations  are  shown  on  figure  19. 

The  going  program  provides  961  miles  of  channel  improvements  and  440  flood- 
water  retarding  structures  with  413,000  acre-feet  of  storage  space,  of 
which  44,000  are  for  sediment  accumulation,  284,200  for  storage  of  flood- 
water,  and  84,800  for  other  water  uses.  Protection  will  be  afforded  to 
205,000  acres  of  upstream  flood  plain.  A number  of  projects  are  added 
each  year.  Details  of  the  program  are  discussed  in  "Appendix  Ft  Agriculture." 

72.  The  Department  of  Agriculture  has  programs  to  provide  technical 
and  financial  assistance  In  the  planning  and  development  of  forest  and  land 
managemet  programs,  including  irrigation  and  drainage,  for  privately  owned 
areas.  The  Forest  Service  has  a program  to  Improve  on  Federal  lands  the 
forest  cover  which  reduces  sediment  and  helps  retard  runoff.  These  pro- 
grams are  discussed  in  detail  in  "Appendix  F:  Agriculture." 

73.  Soil  and  water  conservation  districts,  organized  under  State 
and  Commonwealth  laws,  have  been  established  In  98  percent  of  the  study 
area.  These  districts  are  governed  by  local  people  and  provide  assist- 
ance to  farmers,  ranchers,  and  land  owners,  as  well  as  local  and  State 
agencies,  in  planning  and  applying  conservation,  management,  and  land  treat- 
ment measures.  As  of  July  1965,  the  districts  provided  assistance  In  the 
preparation  of  162,877  conservation  plans  In  the  basin.  Their  goal  is 

to  use  each  acre  of  land  within  its  capabilities  and  to  treat  it  according 
to  Its  needs.  More  efficient  farm  operation,  higher  Incomes,  and  water- 
shed protection  from  erosion  result  from  this  program  of  Improvements. 
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Some  of  the  more  common  mananement  and  treatment  measures  emphasized  by 
soil  and  water  conservation  districts  are  contour  farming  of  all  tvr^s, 
controlled  grassland  farming,  and  improved  forest  manaaement  and  utili- 
zation, These  practices,  which  reduce  erosion  and  runoff  rates,  have  been 
applied  to  22  million  acres. 

Conservancy  and  watershed  districts  play  an  important  role  in  water 
and  related  land  resources  planning  and  development.  Two  notable  achieve- 
ments are  those  of  the  Miami  Conservancy  District  and  the  Muskingum  Water- 
shed District.  In  cooperation  with  Federal  and  State  agencies,  the  Miami 
Conservancy  District  built  five  detention  dams  and  other  flood  protection 
structures  during  the  period  1915-1922.  The  detention  dams  are  supplemented 
by  53  miles  of  levees  and  approximately  45  miles  of  channel  improvements 
through  urban  areas.  The  14  Muskingum  Basin  reservoirs,  built  by  the 
Federal  Government  in  cooperation  with  local  interests  during  the  period 
1934-1936,  are  authorized  for  flood  control  and  water  conservation  and 
provide  recreational  opportunities. 

Information  on  the  Miami  Conservancy  District  retardation  structures 
Is  included  in  table  17  with  the  data  on  non-Federal  reservoir  projects 
with  pool  areas  greater  than  200  acres  or  storage  over  1,000  acre-feet. 

Many  of  these  are  municipally  or  privately  owned.  They  provide  storage 
for  hydropower,  water  supply,  recreation,  and  fish  and  wildlife.  Location 
of  non-Federal  impoundments  are  shown  in  figure  20.  Non-Federal  local  flood 
control  project  data  are  given  in  table  18.  Table  19  summarizes,  by  sub- 
basins, data  on  major  reservoirs  in  the  1965  Federal  program. 

The  Weather  Bureau  of  the  U.S.  Environmental  Science  Services  Admin- 
istration operates  a flood  forecasting  service  for  the  Ohio  River  and  Its 
major  tributaries.  This  service,  in  the  form  of  forecasts  and  warnings, 
provides  In  most  instances  time  for  evacuation  of  people,  emergency  pro- 
tection of  property,  and  removal  of  some  contents  of  flood  plains.  Past 
estimates  by  the  Weather  Bureau  have  indicated  that  flood  warning  systems 
have  saved  about  10  percent  of  potential  flood  damages  and  have  reduced 
the  potential  loss  of  life  by  90  percent.  Data  from  more  recent  events 
Indicate  even  greater  savings. 

The  1965  flood  control  program,  consisting  of  reservoirs,  upstream 
detention  structures,  local  protection  projects,  and  other  structural 
measures,  reduces  gross  potential  damages  by  about  two-thirds  to  approxi- 
mately $111  mill  ion. 

Federal  and  private  hydroelectric  projects  which  were  completed  or  under 
construction  in  the  basin  as  of  1965  have  an  installed  capacity  of  1,503 
megawatts.  The  location  and  capacity  of  the  projects  are  given  in  table  21, 

74,  State,  local,  and  private  interests  cooperate  in  planning,  devel- 
oping, and  financing  water  supply  treatment  plants  and  distribution  systems, 
flood  control,  recreational  developments  at  reservoirs,  sewerage  collecting 
systems,  and  waste  treatment  facilities.  States  have  programs  for  flood 
control,  recrearion  development,  public  health  and  sanitary  facilities. 
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conservation  of  land  and  forests,  preservation  of  historic  and  cultural 
sites,  and  such  basic  things  as  data  collection.  The  Federal  Government 
assists  In  many  of  these  endeavors  by  providing  funds  and  technical  assist- 
ance. Most  States,  through  their  universities,  have  research  programs  for 
improved  use  of  water  and  related  land.  They  also  provide  guidance  in 
attracting  business  and  Industry  and  in  planning  for  their  development  and 
the  betterment  of  the  socio-economic  environment. 


75.  Details  of  State  and  local  organizational  elements,  laws,  policies, 
and  programs,  as  well  as  an  inventory  of  non-Federal  water  resource  projects 
are  given  In  "Appendix  J;  State  Laws,  Policies,  and  Programs."  The  follow- 
ing table  gives  an  indication  of  the  magnitude  of  the  State  and  other  non- 
Federal  efforts  in  providing  for  control  and  use  of  available  water  resources 


Non-Federal  Developments 


Number  of  Projects 


Municipal  Water  Distribution  Systems  (1963  Inventory)  1,908 
Municipal  Water  Treatment  Plants  (1963  Inventory)  1,597 
Municipal  Sewerage  Systems  (1962  Inventory)  1,293 
Industrial  Waste  Treatment  Facilities  1,550 
Farm  Ponds  162,000 
Agricultural  Drainage  (12  Million  Acres)  NA 


76.  In  1948,  eight  States  of  the  Ohio  River  Basin  joined  with  the 
Federal  (Government  in  a regional  crusade  for  clean  streams  and  formed  the 
Ohio  River  Valley  Water  Sanitation  Commission  (ORSANCO).  Over  95  percent 
of  the  Ohio  Basin  study  region  Is  under  the  water  quality  management  juris- 
diction of  ORSANCO.  The  commission's  1965  annual  report  summarizes  the 
result  of  this  continuinq  effort  as  follows: 

* « '«  * « <t  « 

"The  Ohio  River  is  at  least  $370  million  cleaner  than 

it  was  In  1948.  And  on  the  tributaries  another  $748 
million  has  been  invested  by  communities  for  instal- 
lation of  sewage-treatment  facilities  during  the  past 
seventeen  years. 


"Local  funds  have  financed  nine-tenths  of  this  capital 
outlay  for  stream  cleanup.  Federal  grants-in-a id  to 
municipalities,  which  did  not  become  available  until 
1956,  account  for  the  remainder. 


"Expenditures  by  Industries  for  pollution  abatement 
are  not  a matter  of  public  record.  The  states  report 
that  1,560  of  the  1,723  establishments  discharging 
effluents  to  streams  have  Installed  control  facilities. 
On  one  tributary,  the  Kanawha  In  West  Virginia,  nine 
companies  have  reported  costs  aggregating  $18  mil- 
lion to  complete  the  first  phase  of  a two-stage  control 
program. 
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The  surveillance  of  pollution  has  been  a continuing  effort  and  a 
rewarding  one.  Achievements  of  the  States  comprising  ORSANCO  warranted 
the  Civil  Engineering  Award  in  1963.  The  award  is  presented  annually  by 
the  American  Society  of  Civil  Engineers  for  an  outstanding  project  or 
program. 

77.  Recreation  facilities  and  enhancement  of  fish  and  wildlife  are 
the  responsibilities  of  Federal,  State,  and  local  jurisdictions.  Nearly 
all  water  resource  projects  for  control  of  high  and  low  flow  or  in-stream 
use  provide  new  resources  for  recreation,  fishing,  and  hunting  opportuni- 
ties, It  is  estimated  that  in  1965,  85  mi  i ion  recreation-days  were 
served  within  the  Ohio  Basin  study  region  at  multipurpose  water  resource 
projects,  in  non-Federal  areas,  and  in  national  forests  and  parks.  Of 
the  22  million  hunter-days  and  the  22  million  angler-days,  the  portion 
satisfied  at  all  water  resource  or  related  land  projects  was  not  determined. 

However,  3.2  percent  of  the  total  hunting  occurred  on  public  lands,  and  36 
percent  of  the  fishing,  on  public  waters. 

An  inventory  of  pleasure  motorboats  in  1965  indicated  over  360,000 
licensed  craft  in  the  study  area.  About  40  percent  of  these  were  moored 
on  water,  many  of  them  on  the  Ohio  River  and  its  navigable  tributaries. 

The  remainder  were  trailer  mounted. 

78.  Environmental  factors  have  been  given  consideration  in  past 
water  resource  and  related  land  developments.  However,  recent  emphasis 
has  increased  the  attention.  Planning  of  water  resource  developments 

in  the  Ohio  Basin  has  included  the  preserving  of  falls,  caves,  archeologi- 
cal areas,  and  unique  ecological,  historic,  and  scenic  sites.  The  engi- 
neering design  of  projects  includes  consideration  of  scenic  values 


r ^ 


"These  local  expenditures  of  more  than  a billion  dol- 
lars represent  a measure  of  response  thus  far  In  ad- 
vancing aspirations  of  the  Ohio  River  Valley  Water 
Sanitation  Compact.  The  result  is  that  93  percent  of 
the  sewered  population  in  the  valley  is  now  served 
by  sewage  disposal  works,  half  of  which  provide  sec- 
ondary treatment  and  another  quarter  employ  inter- 
mediate processing. 

"In  addition,  90  percent  of  the  Industrial  establish- 
ments are  listed  as  having  made  provisions  for  waste 
control  that  meet  minimum  interstate  requirements 
or  better.  However,  because  this  figure  makes  no  dif- 
ferentiation between  large  and  small  plants,  it  should 
not  be  construed  to  mean  that  90  percent  of  the  pol lu- 
tional  load  has  been  abated.  * » » 
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associated  with  site  selection,  road  location,  and  rehabilitation  of 
borrow  pits,  as  well  as  an  attention  to  the  enhancement  of  other  environ- 
mental factors.  Wild  and  scenic  reaches  of  rivers  have  been  given 
consideration  In  planning.  Yet,  Interests  change,  and  until  a project 
reaches  the  detailed  planning  stage,  objections  often  are  not  known  or 
voiced.  The  effect  of  man's  activity  on  water  and  related  land  often 
is  not  recognized  until  too  late  to  consider  the  impact.  The  significance 
of  earth-moving,  solid  waste  disposal,  strip  mining,  logging,  and  other 
disturbance  of  the  land  often  is  not  noted  until  these  are  well  underway. 

In  many  cases.  It  has  been  the  prerogative  of  State  and  local  jurlsdicflons 
to  decide  whether  or  how  these  operations  should  be  controlled. 

NET  REQUIREMENTS  AND  ASSXIATED  PROBLEMS 

79.  The  net  reguirements  for  control  and  use  of  water  and  related 
land  resources  were  evaluated  by  analyzing  present  and  projected  gross 
requl rements  and  determining  what  part  could  be  satis  I fled  by  existing 
resources  and  going  development  programs.  The  following  paragraphs  pro- 
vide an  assessment  of  net  reguirements  and  associated  problems. 

80,  Water  withdrawal  requirements.  - Water  supply  requirements  were 
measured  in  ferms  of  average  daily  withdrawals  and  terms  of  consumptive  use. 

NET  WITHDRAWALS  FOR  WATER  SUPPLY  - MILLION  GALLONS  PER  DAY 


Additional  Future  Requirements 
1965  Use  T5573  JCOC 


Municipal 

1,743 

562 

1,549 

3,034 

Manufacturing  Industries 

9,811 

1,919 

6,254 

13,669 

Electric  Power  Cooling 

19,200 

9,800 

26,800 

43,800 

Mining 

289 

222 

685 

1,605 

Rural,  Non farm  Domestic 

587 

86 

207 

347 

L 1 vestock 

1 16 

13 

78 

142 

Farm  Domestic 

46 

0 

0 

0 

Irr igation 

46 

56 

306 

636 

Total 

31,838 

12,658 

35,879 

63,233 
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NET  AVERAGE  CONSUMPTIVE  USE  - MILLION  GALLONS  PER  DAY 


Net  Needs 

1965  Use  T58^  1^000  2020 


Mun ic i pa  1 

174 

57 

155 

304 

Manufacturing  Industries 

196 

39 

125 

274 

Electric  Power  Cooling 

158 

198 

547 

1,082 

Mining 

53 

26 

80 

191 

Rural,  Nonfarm  Domestic 

391 

58 

139 

232 

L i vestock 

1 16 

13 

78 

142 

Farm  Domestic 

46 

0 

0 

0 

1 rrigation 

46 

56 

306 

636 

Tota  1 

1,180 

447 

1,430 

2,861 

81.  The  number  of  water  supply  problem  areas  will  increase  manyfold 
by  2020.  By  I960,  about  400  small  towns  and  rural  communities  (as  esti- 
mated by  the  U.S.  Department  of  Agriculture)  and  154  urban  locations  (as 
concluded  by  the  Federal  Water  Pollution  Control  Administration)  may  have 
significant  water  supply  problems.  Major  water  use  areas  in  the  basin 
are  at  Pittsburgh,  Pa.,  Indianapolis,  Ind.,  Dayton  and  Columbus,  Ohio, 
Charleston,  W.  Va.,  and  major  cities  on  the  Ohio  River.  Details  on  net 
water  supply  requirements  are  given  for  each  subarea  in  attachment  A. 

82.  Assuming  nearly  all  new  fossil-  or  nuc I ear-f ue led  electrical 
generation  installed  after  1980  will  utilize  evaporative  cooling,  consump- 
tive use  through  evaporation  will  total  1.4  million  acre-feet  per  year  by 
2020. 

83.  Irrigation  in  an  average  year  will  reauire  about  745,000  acre-feet 
of  additional  water  by  2020.  It  is  estimated  that  2020  crop  water  needs 
will  be  supplied  40  percent  from  ground  water;  30  percent  from  streamflow; 
and  30  percent  from  reservoirs. 

84.  Water  quality  control.  - Even  assuming  secondary  treatment  of  all 
sewage,  there  are  nearly  200  stream  reaches  totaling  several  thousand  miles 
In  the  Ohio  Basin  with  organic  waste  water  quality  problems  during  low  flow 
periods.  Many  more  are  expected  in  the  future  unless  additional  steps  are 
taken  to  eliminate  wastes  at  the  source.  There  are  also  problems  associated 
with  other  pollution  substances,  even  during  normal  flows.  Wastes  from 
combined  storm-sanitary  sewers  create  local  pollution  problems  primarily 
during  thunderstorms  or  intense,  local  rainfall.  Storm  runoff  into  such 
systems  in  excess  of  treatment  plant  capacities  often  results  In  discharges 
beinq  passed  untreated  to  streams.  Presentiv,  wastes  from  about  half  of 
the  population  served  by  sewerage  systems  are  being  discharqed  into  combined 
storm-sanitary  sewers.  It  is  estimated  that  about  $3  billion  would  be 
required  to  chanqe  existinq  combined  systems  to  separate  systems. 
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85.  Metropolitan  Pittsburgh  is  the  major  waste  contributor  to  the 
Allegheny  and  Monongahela  Rivers  and  the  upper  Ohio  River.  The  Kanawha 
River  at  Charleston,  W.  Va.,  the  Great  Miami  at  Hamilton,  Dayton,  and 
Middletown,  Ohio,  the  Scioto  at  Columbus,  Ohio,  the  Wabash  at  Indianapolis, 
Ind.,  and  the  Ohio  River  below  major  cities  are  stream  reaches  with  major 
pollution  problems.  At  many  locations,  organic  waste  problems  are  signifi- 
cantly Intensified  by  discharge  of  heated  water  from  thermal  electric  and 
other  industrial  plants.  The  Kanawha  and  Wabash  River  Basins  have  the 
largest  and  second  largest  amount,  respectively,  of  the  organic  wasteloads 
generated  In  the  basin  tributaries.  Kanawha  and  Putnam  Counties  In  the 
lower  Kanawha  Basin  account  for  94  percent  of  the  organic  waste  load  gener- 
ated In  the  Kanawha  River  Basin.  The  metropolitan  Indianapolis  area 
accounts  for  about  one-third  of  the  domes+ic  and  commercial  and  one-half 

of  the  Industrial  organic  loads  in  the  Wabash  Basin. 

86.  More  than  half  of  the  acid  drainage  waters  of  the  Ohio  Basin 
originate  in  the  Monongahela  and  Allegheny  Basins.  The  KIskImlnetas  River 
is  one  of  the  most  acid-polluted  streams  and  contributes  about  80  percent 
of  the  acid  carried  In  the  lower  Allegheny  River.  The  Monongahela  River 
Basin,  containing  more  than  1,600  miles  of  acid-polluted  streams,  receives 
about  35  percent  of  the  total  add  drainage  in  the  Ohio  Basin.  About  70 
percent  of  this  originates  In  the  smaller  tributaries  which  join  the  parent 
stream  between  Fairmont,  W.  Va.,  and  Pittsburgh. 

The  Hocking  River  and  Raccoon  Creek  contribute  significant  amounts 
of  acid  to  the  Ohio  River,  Some  300  miles  of  streams  In  the  lower  Wabash 
Basin  are  affected  by  coal  mining  wastes.  The  adjacent  Saline  River  Basin 
has  60  miles  of  acid-polluted  streams.  The  lower  Green  River  Basin  Is 
extensively  polluted  by  acid  mine  drainage,  as  Is  virtually  the  entire 
Tradewater  Basin.  Estimates  Indicate  that  the  combined  load  from  the  Green 
and  Tradewater  Rivers  is  about  230  tons  of  mine  acid  (calcium  carbonate 
equivalent)  per  day.  Other  concentrated  acid  pollution  exists  In  the  coal 
mining  reaches  of  the  Muskingum,  Kanawha,  Guyandotte,  Big  Sandy,  Kentucky, 
and  upper  Cumberland  Rivers.  (See  figure  10.) 

87.  Wasteheat  disposal  and  pollution  problems  are  presently  of  major 
Importance  in  some  locations  In  eight  subbasins,  the  greatest  problem  being 
In  the  Mahoning  and  Green  River  Basins,  where  temperatures  are  raised  far 
above  normal.  Flow  supplementation  for  heat  reduction  Is  presently 
practiced  In  the  Beaver  Basin,  but  with  increased  industrial  activity, 
additional  measures  will  be  required.  The  Columbus,  Dayton, 

and  Indianapolis  areas  have  wasteheat  disposal  problems.  Thermal  elec- 
tric plants  In  certain  locations  on  the  Allegheny  and  Monongahela  Rivers 
and  along  the  Ohio  River  would  create  problems. 

Sediment  is  also  a pollutant.  Rehabilitation  of  strip-mine  areas, 
agricultural  and  forest  land  management,  bank  stabilization,  and  other 
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tneasures  are  required  to  keep  erosion  under  control.  The  measured  rates 
from  reservoir  sedimentation  surveys  in  the  Ohio  River  Basin  range  from 
0.02  to  1.31  acre-feet  per  year  per  square  mile.  Sediment  transport 
damages  fish  life  and  contributes  to  reservoir  silting  problems;  also,  depo- 
sition in  navigation  channels  and  harbors  Increases  dredging  requirements. 

Sediment  may  be  deposited  from  receding  floodwaters  with  consequential 
damage  to  agricultural  land,  homes,  and  industrial  and  other  property. 

Data  on  sedimentation  are  given  In  "Appendix  C;  Hydrology." 

88.  Chloride  pollution  is  a serious  problem  in  the  Barberton  area 
of  the  Muskingum  River  Basin  and  other  areas  in  the  Ohio  Basin.  The  south- 
western part  of  the  Wabash  Basin,  containing  the  lower  reaches  of  Patoka, 

Embarrass,  and  Little  Wabash  Rivers,  Includes  oil-producing  areas  which 
contribute  to  the  brine  problem.  Lesser  brine  problems  exist  in  the  Paint 
Creek  in  the  Big  Sandy  Basin,  the  lower  reach  of  Rough  River  in  the  Green 
Basin,  and  along  some  of  the  smaller  tributaries  of  the  Licking  River  in 
Kentucky,  The  Morrow  County  area,  in  Ohio,  contributes  some  brine  to  the 
Scioto  River,  but  the  greatest  part  of  the  brines  brought  to  the  surface 
is  reinserted  to  deep  strata  through  wells.  Potential  problems  in  the 
Guyandotte  and  Little  Kanawha  Basins  are  apparently  being  controlled  by 
the  same  method, 

89.  Determination  of  water  requirements  for  quality  control  were 

based  on  streamflow  reguired  to  sustain  water  quality  standards  during  a 
once- In- 10-year  frequency  of  occurrence  of  a 7-consecutive-day  minimum 
flow  period  with  ail  wastes  receiving  secondary  treatment.  The  streamflow 
requirements  are  given  In  Appendix  D.  Table  2 of  each  subbasin  summary 
provides  the  assessment  of  flow  requirements.  The  health  aspects  of  water  jj 

quality  were  not  studied  in  detail,  but  increased  attention  to  the  problem 
is  needed. 

90.  F lood  control . - Potential  basinwide  flood  damages  remaining 
after  completion  of  the  going  program  for  flood  control  and  prevention, 
are  estimated  at  SIM  million  annually  with  a development  in  the  flood 
plains  as  of  1965.  Without  further  improvements  for  flood  protection  and 

[ assuming  an  effective  flood  plain  regulation  program,  the  remaining  potential 

y annual  flood  damages  in  the  basin  are  projected  to  reach  $296  million  by 

[ 2020.  Flood  damage  data  for  present  and  future  projected  flood  plain  use 

[ are  given  in  table  !0  for  Ohio  River  reaches  and  the  subbasins. 

> Remaining  average  annual  potential  flood  damages,  with  the  1965 

■ development  program  in  effect,  range  for  major  subbasins  from  $1,099  to 

$232  per  square  mile  of  drainage  area.  The  Ohio  River  Basin  average  Is 
1 $679  per  square  mile.  Per  square  mile  of  flood  plain,  they  range  In  the 

various  subbasins  from  $62,050  to  $4,118,  whereas  the  Ohio  Basin  average 
is  $9,5b0.  On  a per  capita  basis,  the  range  is  from  $11.63  to  $1.58  per 
year,  with  an  Ohio  E^asln  averaae  of  nearly  $6.00. 
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The  Wabash  River  Basin  Is  highest  in  total  annual  damages,  annual 
damages  per  capita,  and  annual  damages  per  square  mile.  The  Beaver  Basin 
Is  high  In  total  average  annual  damages  and  damages  per  square  mile  of 
flood  plain,  but  low  In  annual  damages  per  capita  because  of  Its  relatively 
large  population. 

91.  Locations  with  major  urban  flood  problems  are  shown  on  subbasin 
maps  In  attachment  A.  Potential  upstream  watershed  project  areas,  shown 
on  these  maps,  contain  a large  share  of  the  agricultural  damages.  There 
are  46  urban  flood  damage  centers  in  the  basin  with  residual  average  annual 
damages  of  $50,000  or  more.  Thirty-five  of  these  centers  have  average 
annual  damages  in  the  range  from  $50,000  to  $299,000;  seven,  in  the  range 
from  $300,000  to  $599,000;  two.  In  the  range  from  $600,000  to  $999,000;  and 
two,  over  $1  million.  Pittsburgh,  Pa.,  Indianapolis,  Ind.,  as  well  as 
Columbus  and  Chilllcothe,  Ohio,  each  have  average  annual  damages  greater 
than  $600,000,  For  the  Ohio  River  flood  plain,  remaining  potential  damages 
total  nearly  $11  million  annually.  Agricultural  areas  along  many  reaches 
of  tributary  rivers,  particularly  in  the  Wabash  and  Scioto  Basins,  also 
have  serious  problems. 

92.  Navigation.  - Completion  of  the  locks  and  dams  under  construction 
and  In  preconstruction  planning  as  of  December  1965  will  result  on  the  Ohio 
River  In  a system  of  19  dual  locks.  Except  at  four  navigation  structures 
(one  near  Galllpolls,  Ohio,  and  three  just  below  Pittsburgh)  where  existing 
facilities  are  inferior,  the  locks  will  have  chambers,  110  by  1,200  feet 
and  NO  by  600  feet.  Net  requirements  for  navigation  above  the  capability 
of  the  going  program  are  as  follows. 

Traffic  1965  Program  Projected  Net  Demand 
In  1965  CapabI  11  ty  T9TO  7OT7  TUTU 
Billion  Ton-Mi les 


Ohio  River 

23.3 

34.0 

8.0 

42.0 

93.0 

Tributaries 

4.0 

8.6 

.6 

3.6 

6.5 

Potential  New  Waterways 

0 

0 

1.2 

4.5 

6.1 

Total  Study  Area  System 

27.3 

42.6 

9.8 

50. 1 

105.6 

Water  transport  needs  to 

I960  on  the  Ohio  River 

can 

be  served 

within 

the  physical  and  operational 

limits  of 

the  lock  and 

dam  fac i 1 i t ies 

when 

the  remaining  four  locks  are 

modernized 

under  the  current 

replacement  plan 

Additional  improvements  of  lockage  facilities,  as  well  as  Increased  waterway 
depths,  are  required  In  the  tributaries.  It  appears  that  an  increased  depth 
of  at  least  12  feet  throughout  the  Ohio  system  will  be  desirable  by  about 
1980  for  efficient  operations.  Increased  channel  depth  Is  essential  to 
provide  the  physical  capacity  required  before  2020.  A need  exists  also  for 
new  waterroutes  between  the  Great  Lakes  and  the  Ohio  River  and  along  the 
Big  Sandy  River,  Tug  Fork,  and  the  Wabash  River.  These  potential  new 


IV-22 


REQUIREMENTS  FOR  PRODUCTS  AND  SERVICES 


waterways  would  serve  6.1  billion  ton-miles  of  freight  in  the  basin. 
Additional  demand  for  waterborne  freight  transport  exists  along  other 
tributaries,  in  particular  the  Saline,  White,  Great  Miami,  Licking, 

Little  Miami,  Scioto,  Little  Kanawha,  and  Muskingum  Rivers.  Needs  in 
the  areas  adjoining  the  channel  reaches  of  the  tributaries  into  which 
extends  slack  water  from  the  new  Ohio  River  navigation  pools  are  Included 
in  the  Ohio  River  transport  projections.  Details  on  anticipated  growth 
of  waterborne  freight  traffic  are  presented  in  "Appendix  L:  Navigation." 
Recreational  boating  makes  much  use  of  the  navigable  waterways.  Problems 
associated  with  congestion,  safety,  and  pollution  control  are  of  signifi- 
cance. 


The  going  program  for  control  of  high  and  low  flows  in  the  basin,  under 
the  established  storage  allocations  and  operational  plans,  will  provide  a 
supply  of  lockage  water  that  will  be  adequate  under  conditions  of  optimum 
use  of  lock  capacities.  Additional  control  of  high  flows  would  improve 
navigation  conditions  on  waterways  by  Increasing  the  portion  of  time  during 
which  bridge  clearances  remain  adequate  and  by  reducing  the  time  during 
which  locks  are  shut  down  due  to  floodflows. 

93.  Outdoor  recreation.  - Recreational  needs  are  greatest  near  major 
metropolitan  areas.  Projected  recreation  needs  to  1980,  2000,  and  2020  are 
given  in  table  II.  Details  are  found  in  "Appendix  H:  Outdoor  Recreation." 
The  estimated  ultimate  recreation  use  at  Federal  reservoirs  in  the  going 
program  and  at  potential  future  watershed  projects  is  shown  in  tables  26 
and  27. 

The  net  requirements  over  the  1965  supply  of  85  million  recreation- 
days  are  summarized  as  follows: 

Million  Recreation-Days 

T55I5 ™ 


TOTAL  NET  REQUIREMENT  306  625  945 

94.  Fishing  and  hunting.  - The  unsatisfied  need  of  3.1  million  angler- 
days  by  1980  and  about  15  million  by  2020  will  require  additional  or  Im- 
proved fish  habitats  and  access  to  sport  fishing  areas,  beyond  those  present- 
ly scheduled  or  planned.  Table  12  provides  I960  and  projected  demands  by 
subbasins. 

The  projected  demands  for  commercial  fishing  will  require  Increased 
use  of  the  available  habitat.  The  I960  production  rate  of  12.8  pounds  per 
acre  of  fish  habitat  will  need  to  be  Increased  to  over  22  in  1980,  and  42 
in  2020,  These  Increases  are  well  within  the  resource  potential;  but  im- 
proved fishing  and  processing  methods,  better  habitat  management,  and 
effective  fishing  regulations  are  required  to  meet  the  demands  for  over 
25  million  pounds  of  commercial  fish  catch  by  2020. 
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An  additional  3.^  million  man-days  of  hunting  opportunity  will  be 
needed  by  1980,  and  6.5  million,  by  2020.  Table  13  presents,  by  subbasins, 
i960  and  projected  demands.  As  in  the  case  of  fishing  resources,  hunting 
opportunities  in  some  subbasins  exceed  the  demand.  Some  of  these  surpluses 
are  available  to  serve  demands  in  other  subbasins. 

95.  Related  land.  - Although  all  lands  in  the  basin  are  a part  of 
the  resources  of  the  region,  only  a portion  can  be  considered  as  land 
significantly  related  to  water  resource  development.  This  is  land  that  is 
associated  with  developments  of  water  resources  either  through  the  effects 
of  the  land  on  the  water  resources  or  the  effect  of  the  water  resources 
and  their  development  features  on  the  land.  "Related  land"  is  the  land 
on  which  projected  use  and/or  management  practices  may  cause  significant 
effects  on  the  runoff  and/or  quantity  and/or  quality  of  the  water  resources 
to  which  it  relates.  It  includes  land  which  is  feasible  for  irrigation, 
land  that  contributes  excessive  amounts  of  sediment  or  other  pollutants, 
flood  plain  lands  which  can  be  protected,  lands  which  are  inundated  by 
project  development,  lands  the  administration  and  management  of  which  may 
be  affected  by  construction  of  a reservoir  or  other  water  resource  develop- 
ments, and  land  the  use  or  productivity  of  which  is  affected  by  a change 
in  water  level  caused  by  a water  resource  development. 

Of  the  8 million  acres  of  flood  plain  lands,  6.4  million  are  subject 
to  protection.  Future  reservoirs  and  other  water  resource  developments 
may  inundate  2.5  million  acres  and  require  an  added  similar-size  area  for 
adjoining  lands  development  that  should  be  managed  together  with  the  project. 

The  following  summarizes  the  total  future  needs  for  land  treatment  and 
management  in  the  basin: 


1980 

2000 

2020 

Land  Treatment  and 
Management 

39.4 

51  .1 

The  needs  most  closely  related  to  water  resource  developments  are  those 
associated  with  upstream  watershed  projects,  drainage  areas  above  potential 
storage  reservoirs,  and  critical  erosion  areas.  There  is  a future  need  for 
preparation  of  lands  and  onfarm  facilities  for  drainage  and  irrigation. 

96.  Environmental  factors.  - The  environmental  factors  associated  with 
water  and  related  land  development  programs  deserve  increased  attention. 
Although  existing  programs  have  given  consideration  to  environmental  factors 
in  site  selection  and  in  planning  of  the  projects,  much  more  insight  re- 
garding intangible  values  is  needed  to  fully  define  the  relative  merits  of 
alternatives  in  project  formulation. 

Certain  reaches  of  the  basin  streams  are  worthy  of  preservation  in 
a natural  state  for  future  generations  to  study  and  enjoy.  However,  water 
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resource  development  can  enhance  some  of  these  areas  by  providing  flood 
protection  and  increasing  sustained  flows.  Several  sites  considered  of 
national  significance  are  parts  of  Blue  River  in  Indiana,  Cheat  and 
Greenbriar  in  West  Virginia,  Cumberland  in  Kentucky  and  Tennessee,  Little 
Wabash  In  Illinois,  and  Youghiogheny  in  Maryland  and  Pennsylvania.  In 
addition,  there  are  numerous  locations  which  could  be  incorporated  Into 
State  and  local  parks.  Detailed  studies  are  reguired  to  define  the  pro- 
grams and  locate  the  extent  of  areas  worthy  of  inclusion.  Historic, 
archeological,  and  cultural  sites  also  need  attention  focused  on  them  so 
that  they  can  be  Incorporated  In  the  programs.  Indians  played  an  Important 
role  in  the  early  explorations  and  development  of  the  Ohio  Basin,  and  many 
burial  and  village  sites  are  worthy  of  public  sponsorship  for  their  con- 
servation. Some  early  forts,  villages,  and  canals  have  been  restored, 
but  much  more  can  be  done.  The  history  of  man's  impact  on  the  development 
of  the  basin  Is  also  worthy  of  preservation. 

Water  resource  development  impacts  on  environmental  values  should  be 
a basic  consideration  in  project  planning  and  design.  On  the  other  hand, 
many  environmental  pressures,  such  as  urban  sprawl,  problems  of  solid  waste 
disposal,  and  overuse  of  land  resources  often  have  effects  on  water  resource 
projects.  Basinwide  studies  to  define  environmental  values  would  be  helpful 
in  Identifying  the  areas  which  need  attention  most.  Preser\^atlon  of  poten- 
tial reservoir  sites  to  prevent  encroachment  and  preemption  Is  also  urgently 
needed.  Many  environmental  considerations  are  a factor  of  resource  availa- 
bility as  related  to  water  resource  development  rather  than  a program 
development  need. 
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97.  The  Ohio  Basin  has  a humid  continental  climate  and  is  an  area 

of  general  annual  water  surplus.  Precipitation  at  rain  gages  in  the  basin 
has  ranged  from  20  to  72  inches  per  year;  however,  the  extremes  may  be 
even  greater.  Maximum  monthly  precipitation  has  been  about  9 inches  or 
more  at  all  locations  In  the  basin  with  extremes  of  nearly  20  inches  in 
the  southwest  portion.  The  minimum  monthly  prec i p i tat  ion  has  been  less 
than  half  an  inch  and  at  many  locations  has  been  only  a trace.  Normally, 
seasonal  variation  in  average  precipitation  Is  moderate  with  minimums 
occurring  during  the  fall.  Nevertheless,  there  is  pronounced  variation  in 
runoff.  The  monthly  winter  and  spring  streamflows  may  be  over  100  times 
higher  than  the  low  flow  of  an  early  fall  month.  Ground  water  levels  are 
generally  highest  in  the  early  spring  and  recede  on  much  the  same  seasonal 
pattern  as  streamflows,  although  minimums  may  lag  behind  lowest  streamflows 
by  a few  days  to  seyeral  weeks. 

Most  of  the  desirable  land  in  the  basin  is  in  cultivation  or  other 
productive  uses.  The  more  rugged  lands  and  areas  near  streams  are  forested 
or  in  brush.  Nearly  50  percent  of  the  Ohio  Basin  study  reoion  is  cropland 
and  pasture,  and  40  percent  is  wooded.  Somewhat  more  than  I percent  is 
covered  by  water. 

Remaining  reservoir  sites  in  the  basin,  large  enough  for  major  water 
control,  are  limited  in  number  and  storage  capacity  because  of  physical 
features,  such  as  topography  and  geology,  or  developments  of  man.  Potential 
large  reservoir  sites  are  available  on  southern  and  eastern  tributaries, 
but  large  storage  sites  are  sparse  in  areas  of  most  need,  near  the  concen- 
trated population  centers  in  the  northern  part  of  the  basin. 

98.  Surface  water.  - Annual  streamflow  of  Ohio  River  tributaries  has 
averaged  in  the  years  of  record  from  II  to  23  inches  of  equivalent  runoff. 

In  general,  runoff  Is  greatest  in  the  eastern  and  southern  parts  of  the 
basin  and  lowest  in  the  northwestern  glaciated  areas.  The  volume  of  stream- 
flow  is  generally  greatest  from  January  through  April  with  normally  about 
half  of  the  annual  flow  occurring  in  this  4-month  period. 

Minimum  annual  runoff  during  the  period  from  1941  to  1954  has  ranged 
from  2.6  inches  in  the  Wabash  Basin  to  16  Inches  in  the  Allegheny  Basin. 

As  would  be  expected,  minimum  runoff  on  the  smaller  tributaries  within 
subbasins  has  been  much  less.  For  example,  the  Little  Wabash  had  stream- 
flow  equivalent  to  only  six-tenths  of  an  inch  of  runoff  in  1931.  Dry 
period  streamflow  is  dependent  on  ground  water  discharge  to  the  stream 
from  seeps  and  springs.  Generally,  low  streamflow  occurring  less  than 
10  percent  of  the  time,  is  mostly  from  ground  water.  Where  aquifers  are 
poor  yielders,  many  small  streams  go  dry  during  the  summer  and  fall. 
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Extremely  high  flows  on  tributary  streams  are  often  caused  by  thunder- 
storms and  are  generally  of  short  duration.  Occasionally,  widespread  storms 
with  several  days  of  rain  cause  floods  on  both  tributaries  and  the  Ohio 
River  at  the  same  time.  Streamflows  above  flood  stage  on  the  Ohio  River 
may  last  for  weeks.  On  the  Ohio  River,  the  maximum  monthly  flow  of  record 
has  equaled  about  one-half  of  the  average  annual  discharge.  The  following 
extreme  monthly  and  average  June  runoff  for  selected  tributaries  are  reore- 
sentative  of  the  Ohio  Basin: 


Equivalent  to 
Drainage  Area 

Runoff , 

1 nches  1 n 
and  Month 

Depth  Over  the 
of  Occurrence 

Tributary  Basin 

Max i mum 

June 

Average 

Minimum 

A 1 1 egheny-Monongahe 1 a 

8.7  Mar 

1.2 

0.10  Oct 

Kanawha 

6.7  Mar 

1.0 

. 1 5 Oct 

Sc  1 oto 

8.7  Jan 

.8 

.06  Oct 

Green 

1 1 .8  Jan 

.9 

.05  Oct 

Wabash 

7.7  Jan 

1.0 

.09  Dec 

The  average  annual  runoff  from  the  Ohio  River  drainage  upstream  of 
Metropolis,  III.,  near  the  junction  with  the  Mississippi  River  (includes 
Tennessee  River  runoff),  is  equivalent  to  17.3  inches  or  187  million  acre- 
feet.  This  corresponds  to  a discharge  of  23  billion  gallons  per  day 
throughout  the  year.  During  the  greatest  recorded  flood  (January-February 
1937),  the  peak  flow  at  Metropolis  was  1,850,000  cubic  feet  per  second. 

The  lowest  discharge  at  the  same  point  is  estimated  to  have  been  about 
10,000  c.f.s.  during  the  1928-1930  drought. 

Table  22  presents  average  annual  discharges,  instantaneous  extremes, 
and  the  chances  of  occurrence  of  floods  and  low  flows  at  selected  key 
locations  In  the  Ohio  River  Basin.  "Appendix  C:  Hydrology"  gives  detai Is 
of  surface  water  availability  throughout  the  Ohio  Basin. 

99.  In  general,  natural  surface  waters  in  the  Ohio  Basin  are  of  good 
quality.  Dissolved  solids  vary  from  less  than  100  parts  per  million  (p.p.m.) 
to  somewhat  over  1,000  p.p.m.  Acidity,  chlorides,  and  organic  wastes, 
largely  a result  of  man-caused  pollution,  create  the  major  quality  problems. 
Hardness  varies  roughly  from  100  to  500  p.p.m.  (soft  to  moderately  hard), 
dependent  on  location,  being  highest  In  the  glaciated  areas  of  Ohio,  Indi- 
ana, and  Illinois.  Sulfates  In  some  areas  are  over  500  p.p.m.,  but  are 
generally  below  250  p.p.m.,  the  maximum  concentration  recommended  by  U.S. 
Public  Health  Service  standards  for  finished  drinking  water.  The  chemical 
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concentration  in  surface  water  Increases  during  periods  of  low  flow  due  to 
a greater  chemical  content  in  ground  water  discharges.  During  the  higher 
discharge  months,  chemical  content  generally  declines,  but  turbidity  rises. 
Purification  treatment  of  surface  water  which  reduces  turbidity  and  kills 
organisms  harmful  to  health  is  necessary  for  municipal  use. 

100.  Ground  water.  - The  ground  water  resources  of  the  Ohio  River 
Basin  provide  a considerable  potential  for  satisfying  water  supply  demands. 
Ground  water  is  available  from  extensive  glacial-drift  aquifers  throughout 
the  northwestern  third  of  the  basin.  The  valleys  of  the  following  listed 
rivers,  as  well  as  those  of  many  of  their  tributaries,  are  filled  with 
permeable  glaciof I uvia I sediments  capable  of  yielding  large  quantities 

of  water:  the  Allegheny,  Muskingum,  Hocking,  Scioto,  Little  Miami,  Great 

Miami,  and  Wabash.  The  areas  of  greatest  potential  for  development  of 
bedrock  sources  for  ground  water  supply  are  those  underlain  by  Mississippi  an 
and  Pennsylvanian  sandstones  in  parts  of  the  Allegheny,  Beaver,  Muskingum, 
Monongahela,  Kanawha,  Guyandotte,  and  Big  Sandy  River  Basins;  and  those 
underlain  by  Silurian  and  Devonian  limestones  in  the  Scioto,  Great  Miami, 
and  Wabash  Basins.  In  good  aquifer  areas,  ground  water  pumpage  could  be 
used  to  augment  dry-weather  streamf low  or  otherwise  reduce  demands  on  the 
surface  source. 

The  mineral  content  of  ground  water  is  generally  higher  than  that 
of  surface  water.  In  those  areas  of  the  basin  which  are  underlain  by 
sandstones  of  Pennsylvanian  and  Permian  Age,  chloride  content  tends  to 
increase  with  depth  and,  hence,  poses  quality  problems  in  some  areas. 
Significant  problems  of  excessive  chloride  exist  in  several  areas  In  the 
Allegheny,  Scioto,  Wabash,  and  Green  River  Basins  where  oil-formation 
brines  have  encroached  into  overlying  aquifers  or  have  entered  streams. 

Where  limestones  and  dolomites  comprise  important  aquifers,  especially  in 
the  Scioto,  Great  Miami,  Licking,  Kentucky,  and  Wabash  subbasins,  problems 
associated  with  excessive  mineral  concentrations  and  hardness  are  encoun- 
tered. High  iron  content  Is  common  throughout  the  basin. 

Ground  water  temperatures  vary  from  48®  to  60°  F.  Water  temperatures 
generally  approximate  the  annual  average  air  temperatures  and,  hence,  are 
somewhat  lower  in  the  northern  than  in  the  southern  part  of  the  basin. 
Quality  and  availability  characteristics  of  water  from  principal  aquifers 
in  the  various  subbasins  are  given  in  table  23. 

Ground  water  availability  In  bedrock  and  in  glacial  drift  and  alluvial 
aquifers  is  shown  in  figures  21  and  22.  Details  are  given  in  "Appendix  E: 
Ground  Water." 

101.  Land  resources.  - The  basin  lands  are  an  important  asset  to  its 
economic  development.  Lands  are  sufficient  to  serve  most  of  the  projected 
local  economy.  Improved  farming  methods,  land  treatment  measures. 
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supplemental  water  for  crops  during  droughts,  drainage,  as  well  as  forest 
and  soil  conservation  management  can  provide  a large  share  of  the  basin's 
portion  of  the  projected  national  needs  for  food  and  fiber  products. 
Competition  for  lands  will  be  increasingly  great  for  agriculture,  urban 
development,  industrial  sites  (especially  on  navigable  waterways),  reser- 
voir sites  for  water  control  storage,  recreation  areas,  and  wildlife 
habitat.  Efficient  land  use  in  all  areas  will  be  required  to  meet  the 
economic  needs.  Long-range  land  use  and  management  plans  are  essential 
for  the  best  use  of  land  in  providing  for  the  demands  of  the  future. 

Ohio  Bas i n Study  Area  Major  Land  Uses  - 1 960 

Acres 

(In  Millions)  Percent  of  Total 


Crop  1 and 

34.2 

33 

Pasture 

16.4 

15 

Woodland 

40.8 

39 

Urban  and  Built-Up 

4.9 

5 

Other 

7.0 

7 

Water  Areas 

l.l 

|_ 

Total 

104.4 

100 

Of  the  woodland  areas,  92  percent  are  on  farms  and  in  miscellaneous 
private  ownership,  5 percent  are  in  national  forests,  and  3 percent  in 
other  public  ownership. 

As  production  of  food  and  fiber  increases,  shifts  in  the  present  land 
use  will  be  required.  Land  treatment  measures  will  be  essential  over  a 
large  part  of  the  Ohio  Basin  study  region. 

102.  Effects  of  going  programs  on  resource  development  potentials.  - 
Existing  programs  of  water  and  related  land  resource  development  have  uti- 
lized a considerable  portion  of  the  total  water  resource  potential  of  the 
basin.  However,  with  the  exception  of  a few  subbasins,  the  remaining  re- 
source potentials  in  the  Ohio  Basin  are  sufficient  to  offer  a choice  of 
alternative  solutions  to  meet  foreseeable  needs.  The  resources  previously 
selected  for  development  were  those  that  furnished  the  best  solutions  to 
problems  under  consideration  at  the  time.  For  those  instances  where  control 
of  flows  by  reservoirs  was  required,  project  and  program  formulations  were 
based  on  consideration  of  Ohio  River  tributary  and  main  stem  problems.  Many 
of  the  best  remaining  reservoir  sites  that  would  fit  Into  a basinwide  sys- 
tem for  streamflow  control  have  been  preempted  by  urban  development,  high- 
ways, railroads,  or  other  enterprises  which  would  be  Impracticable  or  very 
costly  to  relocate.  Remaining  available  sites  generally  have  less  potential 
storage  volume  and  yield  than  reservoirs  already  constructed.  Therefore, 
solutions  to  Ohio  River  and  tributary  problems  will  require  additional 
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Best  aquifers:  potential  sources  of  supply  for  municipal  or  industrial  use. 
Individual  wells  commonly  yield  100  or  more  gpni. 

I Sources  of  supply  for  small  municipalities  or  industries. 

Individual  wells  commonly  yield  20  to  100  gpm. 

ymmm  Sources  of  supply  lor  domestic  use.  Individual  wells  commonly 
yield  less  than  20  gpm 

I I Unglaciated  orea:  unconsolidated  rock  aquifers  net  present. 

Adapted  from  maps  of  the  U.S.  Geological  Survey,  Appendix  E, 

Ground  Water  distribution  and  potential  in  the  Ohio  River  Basin. 
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reservoirs  of  a comparatively  greater  storage  cost.  Nevertheless,  potential 
reservoir  sites  of  reasonable  cost  In  relation  to  needs  remain  in  most 
Ohio  River  tributary  basins.  Solutions  to  many  Ohio  River  problems  may  be 
furnished  by  a choice  of  various  combinations  among  remaining  alternative 
reservoirs  in  the  same  or  different  tributary  basins.  In  areas  which  lack 
suitable  remaining  reservoir  sites,  alternative  developments  such  as  local 
flood  protection  works,  ground  water  development,  importation  of  water, 
and  other  measures  will  be  reguired. 

103.  Net  aval labi I ity  of  resources.  - The  unused  and  underused  water 
and  related  land  resources  available  in  the  Ohio  River  Basin,  if  well  man- 
aged and  properly  developed  and  used,  are  adequate  to  serve  the  projected 
needs  far  beyond  those  of  the  study  period  to  2020.  However,  either  the 
economic  activities  must  be  geographically  patterned  in  accordance  with 
the  resource  availability,  or  alternative  measures  must  be  undertaken. 

The  minimum  annual  surface  water  runoff  from  the  Ohio  River  Basin  study 
region,  as  reflected  by  streamflow  above  the  mouth  of  the  Tennessee  River, 
is  estimated  at  5 inches  of  runoff  or  43  million  acre-feet.  To  assure  a 
supply  approaching  the  average  annual  runoff  of  187  million  acre-feet  per 
year  for  the  entire  Ohio  River  drainage  would  require  well  over  400  million 
acre-feet  of  storage  space.  Of  the  total  Ohio  River  watershed  runoff,  46 
million  acre-feet  are  contributed  by  the  Tennessee  River,  which  is  pres- 
ently controlled  to  a high  degree  by  15  million  acre-feet  of  reservoir 
storage.  About  100  million  acre-feet  of  storage  would  be  required  in  the 
Ohio  River  Basin  study  area  to  assure  a sustained  Ohio  River  flow  of  80 
percent  of  the  area's  annual  average  runoff  of  141  million  acre-feet. 

104,  There  are  30  million  acre-feet  of  storage  in  the  1965  going 
program  for  the  Ohio  River  study  region.  About  90  percent  is  in  reservoirs 
of  major  size.  The  remainder  is  in  unregulated  detention  structures  or 
small  water  supply  reservoirs. 

The  1965  going  program  provides  17  million  acre-feet  of  storage 
effective  in  controlling  Ohio  River  floods.  The  amount  of  additional 
strategically  located  storage  reguired  to  control  the  Ohio  River  Standard 
Project  Flood  (a  rare  flood  of  the  largest  magnitude  that  might  reasonably 
be  expected  to  occur)  to  the  stage  of  the  maximum  flood  of  record,  is 
about  26  million  acre-feet.  Development  of  this  storage  would  be  very 
effective  in  control  of  flows  In  the  tributaries  below  each  reservoir. 

It  is  estimated  that  to  fully  control  the  Ohio  River  Standard  Project 
Flood  by  reducing  it  to  below  damage  stage,  would  require  nearly  200 
mi  I I ion  acre-feet  of  storage. 

There  are  undeveloped  reservoir  sites  that  could  provide  about  120 
million  acre-feet  of  storage  space  for  effective  control  of  high  and  low 
flows.  Of  this  total,  only  about  60  million  acre-feet  appear  feasible 
for  construction,  because  a use  of  the  remaining  storage  potential  would 
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entail  costly  relocation  of  economic  development  or,  in  some  cases,  adverse 
effects  on  rare  ecologicai,  historic,  natural  science,  or  other  enviromental 
values  that  should  be  preserved.  An  inventory  of  upstream  watershed  areas 
indicated  availability  of  6,200  detention  structure  sites  with  an  addi- 
tional capacity  of  27  million  acre-feet  of  storage.  Of  these,  2,930  sites 
and  5 million  acre-feet  of  storage  were  considered  potentially  feasible 
as  part  of  watershed  projects. 

Identified  potentially  feasible  storage  reservoirs  and  upstream  water- 
shed projects  with  their  size  and  surface  areas  are  given  in  tables  24  and  25. 

Farm  ponds  also  play  a significant  role  in  the  rural  areas  in  that 
they  are  generally  used  for  watering  livestock,  firefighting,  and,  in 
some  areas,  supplementing  domestic  supplies.  They  also  add  to  the  attract- 
iveness of  the  landscape  and  often  are  stocked  with  fish  or  waterfowl. 

There  are  an  estimated  1.5  million  sites  suitable  for  farm  pond  development. 
They  would  have  no  significant  effect  on  the  streamflow  control  reguire- 
ments  and  provisions  evaluated  in  this  study. 

The  evaporation  rate  from  May  to  October  is  about  2 feet  in  depth 
over  water  surfaces  or  a loss  of  a million  acre-feet  of  water  per  year 
from  existing  impoundments.  While  the  magnitude  of  this  loss  is  sma i I in 
comparison  with  the  total  average  basin  runoff,  it  significantly  reduces 
the  yield  from  reservoir  storage  during  extended  droughts. 

Sixty-seven  percent  of  public  water  supply  facilities  use  ground  water 
and  pump  27  percent  of  the  water  used  for  municipal  supplies.  Most  of  the 
rural  domestic  use  comes  from  ground  water.  The  buried  glacial  valleys 
are  particularly  good  sources  of  ground  water;  however,  additional  explor- 
ation is  necessary  to  define  the  expected  yields  from  wells.  Large  with- 
drawals can  be  obtained  from  wells  located  in  the  alluvial  material  along 
streams  where  drawdown  will  induce  recharge  of  the  aguifers.  Best  bedrock 
aguifers  are  located  in  the  upland  areas  of  the  northern  tributary  subbasins 
of  the  Allegheny,  Beaver,  Scioto,  Great  Miami,  and  Wabash  Rivers  and  in 
parts  of  the  headwater  areas  of  the  Monongahela,  Kanawha,  and  Guyandotte- 
Big  Sandy  subbasins. 

Ground  water  reserves,  with  the  exception  of  some  local  areas  of  high 
pumpage,  are  relatively  unaffected  by  excessive  drawdown.  Wells  will  con- 
tinue to  serve  much  of  the  rural  area  and  many  of  the  smaller  towns  and 
I ndustr ies. 

Undeveloped  conventional  hydroelectrical  resources  at  potentially 
feasible  reservoirs  and  identified  pumped-storage  project  sites  have  a 
potential  for  an  installed  capacity  of  about  7.6  million  kilowatts.  These 
resources  are  listed  In  table  28.  In  addition,  favorable  site  terrain 
Is  available  throughout  the  Ohio  Basin  for  30  to  40  million  kilowatts  of 
additional  pumped-storage  capacity. 
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Available  resources  are  adequate  to  serve  navigation  facility  develop- 
ment needs  for  the  Ohio  River  and  present  tributary  waterways.  These  navi- 
gable streams  can  be  further  improved  by  increasing  depth  and  width  and  by 
shortening  the  sailing  line.  Resources  are  available  for  extending  the 
waterway  system  on  tributaries,  including  new  connecting  waterways  between 
the  Ohio  River  system  and  the  Great  Lakes. 

105.  The  agricultural  land  resource  may  appear  to  be  underutilized 
due  to  the  considerable  pasture  acreage  and  idle  land.  However,  much  of 
this  land  is  not  well  adapted  to  crops.  Much  of  the  pastureland  is  hilly, 
has  poor  soil,  is  located  in  flood  plains,  or  is  unavailable  for  crops  for 
other  reasons.  There  are  12.1  million  acres  of  land  which  have  been 
drained,  and  91,000  acres  have  been  irrigated.  Soil  resources  are  such 
that  an  additional  4 million  acres  have  an  economical  potential  for  drain- 
age, and  1.3  million  acres,  for  Irrigation.  About  40  percent  of  the  basin 
is  forest  land,  and  nearly  all  of  this  is  capable  of  producing  industrial 
wood.  Yet,  less  than  half  of  this  land  is  planted  with  growing  stock  trees. 
In  many  areas,  cropland  is  Interspersed  with  timber  growth  which  is  gen- 
erally not  logged.  In  general,  the  land  resources  are  adequate  to  serve 
the  economic  needs  if  properly  developed  and  efficiently  managed  and  used. 

106.  The  available  resource  facilities  accommodated  in  1965  about 
220  million  outdoor  recreation-days,  about  40  percent  of  which  were  spent 
at  public  water  and  related  land  developments.  It  is  estimated  that  an 
additional  44  million  man-days  were  spent  fishing  and  hunting.  Projected 
land  area  requirements  to  serve  2020  recreation  needs  range  from  less  than 
2 million  acres  to  nearly  9 million  acres,  dependent  upon  Intensity  of 
development  and  use.  In  a similar  manner,  water  area  needs  vary  from 
about  600,000  to  9 million  acres.  The  basin's  water  and  land  resources 
have  the  capability  of  providing  for  the  needs,  but  the  geographic  dis- 
tribution of  potential  developments  does  not  always  coincide  with  the 
location  of  demands. 

107.  The  Ohio  Basin  study  area  has  about  46,000  miles  of  fishable 
streams,  14,000  acres  of  natural  lakes,  700,000  acres  of  Impounded  waters, 
and  372,000  surface  acres  of  water  behind  navigation  structures.  The 
water  and  land  resources,  combined  with  additional  impoundments,  facil- 
ities, and  management,  are  adequate  to  support  high-quality  fishing  and 
hunting  opportunities. 

In  I960  the  actual  commercial  fishery  habitat  was  191,000  acres  of 
a total  potential  of  415,000  acres.  Due  to  stream  quality  improvement, 

Ohio  River  navigation  dam  replacement  programs,  and  additional  storage 
reservoirs,  the  potential  habitat  is  expected  to  increase  to  over  635,000 
acres  by  1980.  The  available  resource,  if  properly  managed,  is  adequate 
to  meet  future  needs  for  fish. 
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108.  The  relationship  of  physiography,  geology,  and  present  economic 
development  in  the  various  study  area  subbasins  plays  an  important  role  In 
the  formulation  of  plans  to  satisfy  the  overall  Ohio  River  Basin  future 
demands  for  water  resource  and  land  developments.  The  Ohio  River  receives 
the  flow  from  the  Allegheny  and  Monongahela  Rivers  which  drain  the  eastern 
portion  of  the  basin;  from  seven  major  tributaries  entering  from  the  north 
and  nine  entering  from  the  south;  as  well  as  from  many  minor  tributaries. 

The  smallest  of  the  major  tributaries  has  a drainage  area  of  about  1,200 
square  miles.  The  headwaters  above  Pittsburgh,  Pa.,  contribute  more  than 
12  percent  of  the  total  Ohio  River  flow  at  its  mouth.  Below  the  junction 
with  the  Kanawha  River,  26  percent  of  the  total  drainage  area  has  contrib- 
uted to  the  Ohio  River.  About  halfway  down  the  Ohio  River,  at  Cincinnati, 
Ohio,  the  drainage  area  is  almost  one-half  of  the  study  area  and  38  percent 
of  the  entire  Ohio  River  watershed.  The  Wabash  and  Cumberland  subbasins 
make  up  31  percent  of  the  study  area.  Including  the  Tennessee  River  Basin 
these  jointly  make  up  45  percent  of  the  total  Ohio  River  drainage  area,  but 
their  combined  runoff  affects  only  the  lower  47  miles  of  the  Ohio  River. 

Concentrations  of  people  and  industry  create  the  major  demands  for 
water  supply,  navigation,  flood  control,  electric  power,  low  flow  regu- 
lation, recreation,  fishing,  hunting,  and  many  other  resource  uses.  The 
largest  population  centers  are  Pittsburgh,  Pa.;  Youngstown,  Columbus,  and 
Dayton-Middletown-Cincinnati , Ohio;  Louisville  and  Lexington-Frankfort, 

Ky.;  Charleston  and  Huntington,  W,  Va.;  Indianapolis  and  Evansville,  I nd . ; 
and  Nashville,  Tenn.  In  general,  these  are  also  the  areas  with  the  greatest 
problems. 

Because  of  the  large  study  area,  163,000  square  miles,  the  distribu- 
tion of  the  resource  availability  in  relation  to  demands  is  one  of  the 
most  important  considerations  in  the  basin-wide  planning  process.  A large 
portion  of  the  water  resource  development  problems  In  the  basin  are  due 
to  the  intensive  economic  development  along  the  banks  of  the  Ohio  River 
and  major  tributaries  and  the  large  variability  of  stage  heights  and  flows. 
Each  subbasin  has  individualistic  water  and  related  land  problems  primarily 
related  to  its  particular  topography  or  economic  activity.  Nevertheless 
these  various  subbasins  often  act  as  a coordinated  group  particularly  as 
to  their  effect  on  Ohio  River  flows.  Therefore  a system  or  network  analysis 
was  required  to  assure  that  pertinent  interrelationships  and  proper  "feed 
back"  were  brought  into  the  total  basin  planning  process. 

lOy.  The  most  critical  water  resource  problems  in  both  the  tributary 
drainage  areas  and  along  the  Ohio  River  are  caused  by  deficiencies  or 
excesses  of  streamflow,  by  impaired  water  quality,  and  by  flood  plain  and 
other  land  utilization.  Solutions  of  major  basin-wide  problems  are  (a) 
develooing  sufficient  ground  water  and  effective  reservoir  storage  to 
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provide  the  water  supply  requirements,  (b)  maintaining  stream  quality, 
particularly  in  the  principal  watercourses  of  subbasins  located  on  the 
northern  side  of  the  Ohio  River,  in  the  Kanawha  River,  and  the  Ohio 
River,  and  (c)  controlling  runoff,  erosion  and  floodflows. 

Recreation,  fishing  and  hunting  developments  for  the  period  to  1980 
can  be  provided  within  reasonable  driving  distance  of  most  demand  areas 
but  are  not  necessarily  within  the  same  subbasin.  On  the  other  hand  the 
total  demands  on  the  basins  lands  for  agriculture,  urban  development, 
recreation  and  other  uses  may  result  In  a possible  shortage  of  6 million 
acres  by  2020.  Consequently  greater  multi-use  of  lands  will  be  required 
especially  for  forests,  agriculture,  recreation,  fishing  and  hunting.  As 
the  resources  are  being  developed  there  will  be  opportunity  for  trade-off 
between  the  various  sub-basins  in  planning  for  the  use  of  lands  considered 
suitable  for  Irrigation  and  drainage.  Widespread  basin  areas  are  in  need 
of  land  treatment  and  management  to  reduce  erosion  and  make  farming  more 
productive.  The  smaller  urban  developments  In  the  upstream  watersheds, 
although  not  having  the  same  concentrated  problems  as  large  cities,  need 
flood  control,  water  supply,  low  flow  regulation,  and  provisions  for 
recreation,  fishing  and  hunting. 

NO.  Extensive  transportation  systems  join  the  many  markets  and  pro- 
ducing areas.  The  rivers  carry  large  vr  mes  of  freight  on  their  navigable 
reaches.  Electricity  for  use  in  the  bai  and  export  outside  the  region 
Is  generated  where  a balance  of  fuel  for  energy,  water  for  cooling,  and 
length  of  transmission  lines  to  markets  can  give  the  greatest  economic  re- 
turn. Nevertheless  within  the  Ohio  Basin  this  allows  a relatively  large 
amount  of  flexibility  as  regards  plant  location.  Thermal  pollution  Is, 
however,  becoming  a major  factor  which  must  be  considered. 

Total  solution  of  problems  directly  related  to  water  requ i res  the 
effective  support  of  programs  in  addition  to  the  water  resources  develop- 
ment program  formulated  herein.  These  supporting  measures  have  been 
discussed  in  relation  to  each  of  the  items  in  the  framework  plan,  but  it 
is  recognized  that  alternatives  not  presently  foreseen  may  need  to  be 
considered  as  elements  of  the  program  as  It  is  being  implemented. 

By  the  year  2020,  there  will  be  a withdrawal  need  for  water  of  over 
95  billion  gpd,  of  which  over  90  percent  would  come  directly  from  normal 
and  storage  supplemented  streamflows  and  about  4 percent  from  groundwater. 

The  remainder  would  be  supplied  directly  from  farm  ponds  and  upstream 
reservoirs.  Large  portions  of  livestock  and  irrigation  water,  and  some 
municipal  and  industrial  needs  will  be  provided  by  wells.  It  was  estimated 
that  by  I960  an  additional  525  mgd  for  all  purposes  will  come  from  ground 
water  and  by  2020  this  would  increase  to  nearly  2,500  mgd.  Surface  waters 
will  be  Impounded  during  high  flow  periods  for  release  as  needed  for  water 
supply.  Storage  releases  to  maintain  sufficient  flow  for  satisfactory  stream 
quality  will  meet  some  requirements  for  water  supply.  After  adequate  treat- 
ment at  each  withdrawal  location,  the  water  is  returned  to  the  stream  and 
reused  for  other  purposes  on  its  way  downstream. 
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111.  Damaging  floods  are  still  major  problems  throughout  most  of  the 
region.  Much  has  been  done  to  protect  major  urban  centers  along  principal 
tributaries  and  the  Ohio  from  frequent  flooding  and  In  some  cases,  parti- 
cularly along  the  Ohio  River,  from  historic  floods  of  record.  However,  in 
view  of  the  apparent  catastrophic  nature  of  a flood  occurrence  In  excess 
of  protection  stages  along  the  Ohio  River,  a special  study  was  made  to 
establish  a Standard  Project  Flood  (SPF)  for  the  Ohio  River.  The  SPF  has 
critical  flood  volumes  and  peak  discharges  resulting  from  the  most  severe 
combination  of  meterological  and  hydrological  conditions  that  can  be  fore- 
seen as  reasonably  probable  chance  of  occurrence  In  the  region.  The  sum 
of  the  SPF's  for  the  tributaries,  because  of  greater  storm  severity  and 
runoff  conditions  Is  considered  greater  than  the  SPF  for  the  Ohio  River. 
Regulation  of  major  tributary  floods  would  control  to  a great  degree  the 
Ohio  River  SPF. 

The  Ohio  River  SPF  is  much  greater  than  any  historic  flood  and  would 
be  an  exceedingly  rare  occurrence.  While  the  control  of  the  SPFs  on  the 
Ohio  River  and  In  each  tributary  may  be  logical  flood  control  goals, 
experience  has  shown  that  a high  degree  of  control  of  such  floods  Is 
seldom  economically  feasible  except  for  local  protection  works  at  concen- 
trated damage  centers.  Thus,  In  addition  to  practical  levels  of  flood- 
water  storage  and  local  protection  works  much  reliance  must  be  placed 
also  on  the  effectiveness  of  flood  forecasting  and  warning  services  and 
on  flood  plain  management  to  minimize  flood  losses. 

112.  Mine  drainage  and  oil  field  wastes  problem  areas  are  defined 
in  the  study.  However,  detailed  corrective  measures  were  not  analyzed. 

The  magnitude  of  the  problem  of  mine  drainage  is  estimated  to  exceed  2.5 
million  acid  tons  in  calcium  carbonate  equivalent  annually.  Based  on  past 
and  projected  coal  production,  this  figure  could  rise  to  seven  million 
tons  per  year  by  2020  if  historical  mining  practices  are  continued.  A 
detailed  abatement  program  study  of  the  mine  drainage  problems  in  the 
Monongahela  Subbasin  is  now  underway  and  should  provide  a basis  for  deter- 
mining required  measures  for  mine  drainage  control  within  the  Ohio  River 
Basin. 

Since,  water  and  related  land  resources  in  the  Ohio  River  Basin  are 
generally  sufficient  to  meet  the  aggregated  needs  to  2020  and  beyond,  water 
resource  development  solutions  are  related  primarily  to  adjusting  seasonal 
and  geographic  disparities  between  the  timing  and  location  of  requirements 
and  of  resource  availability.  To  achieve  optimum  effectiveness  of  water 
resources  development,  other  programs,  beyond  the  current  limits  of  data 
and  practicality,  must  eventually  solve  unique  water  quality  problems 
created  by  mine  drainage,  certain  Industrial  wastes,  and  pesticides. 

FORMULATION  PROCEDURES 

113.  The  plan  formulation  procedures  involved  (a)  the  identity  and 
measurement  of  projected  needs,  (b)  the  determination  of  water  and  re- 
lated land  resources  potentials,  (c)  the  definition  of  a general  method 
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of  solution,  (d)  estimates  of  the  magnitude  and  cost  of  needed  development 
programs,  and  (e)  outline  of  Initial  steps  required  to  Implement  the  pro- 
grams. To  differentiate  between  short-  and  long-term  goals,  time  periods 
to  I960  and  2020  were  selected  for  use  In  the  development  program  formulation. 

Requirements  for  products  and  services,  discussed  In  section  IV, 
were  weighed  as  to  how  and  to  what  extent  experience  In  the  basin  Indi- 
cated they  could  be  satisfied  by  water  and  related  land  resource  develop- 
ment. Water  and  related  land  resources  availability,  summarized  In  section 
V,  were  evaluated  and  compared  with  the  requirements.  Based  on  these 
studies,  past  experience,  and  the  knowledge  of  planners  familiar  with  the 
area,  a determination  was  then  made  as  to  the  best  means  of  satisfying  the 
needs.  From  these  analyses,  the  framework  plan  was  formulated. 

Both  requirements  and  resources  were  assessed  largely  on  generalized 
data  adjusted  to  facilitate  comparability  among  subbasins  and  various 
programs.  Elements  of  need  and  available  resource  were  examined  In  turn 
from  the  headwaters  to  the  mouth  of  the  Ohio  River.  Alternative  solutions 
were  considered  for  each  problem.  The  results  obtained  are  believed  suf- 
ficiently accurate  to  serve  as  a general  guide  to  future  actions  concerning 
the  location,  nature,  and  timing  of  water  and  related  land  resource  devel- 
opments. However,  specific  project  formulation  and  feasibility  studies, 
being  beyond  the  scope  of  framework  studios,  wore  not  undertaken  and  the 
values  presented  herein  should  be  considered  as  of  reconnaissance  scope 
rather  than  absolute  evaluations  for  Individual  problems  and  projects. 

114.  Water  withdrawal  needs  wore  determined  on  a broad  regional 
basis.  An  approximation,  based  on  general  practice  In  the  region,  was 
made  of  the  amount  which  would  be  satisfied  by  ground  water,  stream  flow 
or  storage  developments.  It  was  assumed  that  cities  on  the  larger  tribu- 
taries would  use  stream  flow  unless  other  sources  were  presently  being 
used.  Ground  water  was  assumed  to  be  the  most  likely  means  of  providing 
most  of  the  rural  water  supplies  and  many  of  the  small  to  moderate  quantities 
needed  locally.  Where  ground  water  Is  currently  being  used  and  the  geology 
Indicates  additional  supplies  are  available  It  was  assumed  future  with- 
drawals within  the  limits  of  Indicated  safe  yields  would  come  from  this 
source. 

A factor  was  developed  for  each  sub-basin  to  translate  net  withdrawal 
needs  into  storage  requirements.  To  prevent  double  counting  of  storage 
needs  It  was  assumed  that  water  made  available  by  flow  supplementation  for 
water  quality  control  could  bo  used  for  withdrawal  needs  and  then  returned 
to  the  stream.  Consumptive  losses  would  be  made  up  by  additional  storage 
to  assure  adequate  stream  flow  for  quality  control  and  other  uses. 

115.  Stream  flow  requirements  for  residual  organic  waste  assimilation 
was  determined  by  the  Federal  Water  Pollution  Control  Administration  for 
strategic  point  locations.  The  study  assumes  85  percent  or  more  of  the 
organic  wastes  will  be  removed  by  secondary  treatment.  Without  advanced 
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treatment,  diversion  to  a larger  stream  for  assimilation,  or  flow  supple- 
mentation, these  residual  wastes  after  secondary  treatment  may  cause 
serious  pollution  problems.  Where  storage  sites  are  available  and  storage- 
yield  relationships  appeared  efficient  It  was  assumed  that  low  flow  supple- 
mentation in  addition  to  secondary  waste  treatment  would  be  a practical 
means  of  maintaining  instream  water  quality.  There  are  a number  of  loca- 
tions in  the  Ohio  Basin,  particularly  on  streams  with  small  drainage  areas, 
where  it  is  obvious  that  sufficient  stream  flow  cannot  be  provided.  In 
these  cases  It  Is  assumed  advanced  treatment  of  wastes  or  diversion  of 
effluent  to  a larger  stream  would  be  the  most  likely  solution.  A 
"breakthrough"  in  cheaper  advanced  waste  treatment  could  of  course  reduce 
the  need  for  flow  supplementation.  However  the  total  stream  regimen  must 
be  carefully  reconsidered  as  Increased  flows  also  serve  water  supply 
withdrawals,  recreation,  fish  and  wildlife,  navigation  or  general  aesthetics. 

Since  flow  augmentation  releases  required  at  upstream  locations  for 
water  supply  or  water  quality  control  are  reused  for  many  purposes  as  they 
pass  downstream  it  is  not  possible  to  make  an  accurate  determination  of 
the  amount  of  storage  used  for  each  purpose  beyond  the  first  use.  As  water 
supply,  which  is  largely  returned  to  the  stream,  and  flow  augmentation  for 
water  quality  control  are  provided  in  tributaries  the  accumulated  flows 
may  be  sufficient  for  meeting  remaining  downstream  needs  without  additional 
storage  releases.  The  make-up  of  consumptive  water  use  was  assigned  to 
withdrawal  storage.  Therefore  as  this  need  increases,  the  ratio  of  water 
quality  to  withdrawal  storage  changes  as  the  plan  is  implemented.  Future 
policy  may  require  modification  to  recognize  the  changing  multiple-use 
aspects,  costs  and  benefits  of  a unit  of  stream  flow. 

116.  Critical  periods  for  streamflow  supplementation  for  water 
quality  improvement  are  usually  in  July  and  August  because  of  increased 
water  temperature  and  increased  biological  activity.  The  flow  required 
to  provide  sufficient  oxygen  to  assimilate  a given  amount  of  waste  during 
these  warm  months  is  generally  about  twice  that  required  in  January. 

Lowest  streamflows  generally  occur  in  September  and  October.  Because 
of  these  factors  the  need  for  flow  supplementation  is  greatest  from  July 
through  October.  Reservoir  storage  volumes  have  been  determined  by  taking 
Into  consideration  the  seasonal  variations  of  flow  needs,  recorded  stream- 
flows,  and  the  yield  required  to  sustain  streamflows  adequate  to  meet 
withdrawal  demands  by  municipalities,  agriculture,  industry,  and  for  other 
purposes.  It  was  assumed  that  thermal  electric  generating  plants  after 
1980  will  use  primarily  the  evaporative  cooling  method,  with  consumptive 
losses  replenished  from  storage  or  wells. 

Because  of  multiple-purpose  reservoir  use  and  the  widespread  effects 
of  storage  regulation  on  streamflows  in  downstream  river  reaches,  system 
analysis  of  basic  problems  and  solutions  were  made  by  first  considering 
each  subbasin  as  an  Independent  system.  Data  available  from  previous 
studies  were  reviewed,  and  pertinent,  previously  defined  problem  solutions 
were  made  a part  of  the  framework  plan.  Flood  control,  water  withdrawals, 
consumptive  use,  return  flows,  and  reuse  were  taken  Into  account  In  deter- 
mining storage  requirements. 
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117.  The  subbasin  systems  were  then  analyzed  with  regard  to  meeting 
needs  along  the  Ohio  River.  The  additional  amounts  of  storage  required 
for  Ohio  River  flood  and  low  flow  control  were  apportioned  to  the  various 
subbasins  on  the  basis  of  the  relationship  of  reservoir  potentials  to 
the  problem  areas.  This  procedure  recognizes  that  the  provision  of 
storage  in  subbasins  will  benefit  ail  locations  downstream  of  the  reser- 
voir site  and  much  of  this  storage  is  needed  not  only  for  control  of 
Ohio  River  flooding,  but  also  for  reduction  of  flood  crests  on  tributaries. 

These  tributary  storage  potentials  were  also  analyzed  as  their  Joint- 
use  capability  in  satisfying  needs  for  low  flow  supplementation  and  for 
satisfying  the  demands  for  recreation,  fish  and  wildlife  enhancement, 
and  other  uses.  The  flood  detention  storage  structures  with  ungated 
flood  outlets  and  limited  storage  capacities  are  not  considered  effective 
for  Ohio  River  flood  control.  While  optimum  storage  efficiency  for  the 
control  of  Ohio  River  flooding  may  require  specific  storage  in  tributary 
subbasins,  there  remains,  in  most  cases,  opportunity  for  selection  of 
alternative  protection  measures  or  site  locations. 

118.  Upstream  watershed  projects  provide  reductions  of  flood  peaks 
In  upstream  drainage  areas  and  are  effective  in  reducing  erosion.  Also, 
these  sites  provide  opportunities  for  storage  space  for  water  for 
irrigation,  recreation,  and  fish  and  wildlife,  as  well  as  for  water  supply 
and  water  quality  control. 

Channel  improvement,  local  protection  projects  and  non-structura 1 
measures  such  as  flood  forecasting,  flood  Insurance,  flood  plain  regulation 
and  flood  proofing  are  a part  of  the  overall  plan.  The  locations  and 
geographic  areas  of  interest  for  these  features  were  selected  from  detailed 
studies  available  in  Corps  of  Engineers  Districts,  Soil  Conservation  Ser- 
vices offices  and  state  reports. 

After  each  subbasin's  needs  were  analyzed  on  a systems  basis  by 
working  downstream,  the  water  withdrawal  and  flow  supplementation  storage 
needs  were  reviewed  in  context  of  the  completed  analysis.  Although  it 
is  difficult  to  allocate  storage  without  detailed  analysis,  the  percentage 
relationship  of  water  quality  and  water  supply  storage  In  the  framework 
plan  are  believed  in  the  correct  order  of  magnitude.  SubbasIns  ratios 
varied  but  for  the  Ohio  Basin's  1980  needs  about  65  percent  of  the  storage 
for  later  release  was  for  water  quality  control  and  35  percent  for  water 
supply.  By  2020  the  storage  would  be  about  half  and  half  for  these  purposes. 

[ 

In  addition  to  those  reservoir  and  detention  structure  sites  selected 
from  available  agency  inventories  as  being  at  feasible  locations  for  pro- 
viding a part  of  the  needs,  other  sites  will  be  required.  From  topo- 
graphic and  geologic  data  and  a general  knowledge  of  the  area  a determin- 
ation was  made  as  to  whether  additional  storage  would  be  available  to 
fulfill  the  needs.  These  are  given  in  the  table  on  VI-18  as  additional 
storage  required. 
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119.  The  analysis  of  navigation  was  Initiated  by  establishing  the 
need  for  water  transport  of  bulk  commodities  based  on  past  experiences 
In  correlation  with  projected  economic  growth  of  the  areas  contributing 
to  waterborne  freight  on  the  existing  system.  The  assessment  Included 
an  evaluation  of  the  physical  capability  of  the  1965  program.  Potential 
extensions  to  the  system  were  predicated  on  the  same  relationships,  or 
on  recently  completed  studies  such  as  those  of  Interconnection  between 
the  Ohio  River  navigation  system  and  the  Great  Lakes. 

Hydropower  locations  on  which  inventory  data  were  available  were 
assumed  as  part  of  the  program  to  I960.  The  analysis  of  hydroelectric 
power,  after  1980,  and  commercial  fishing  was  summarized  on  a basin-wide 
basis  since  the  location  of  future  developments  for  these  purposes  are 
not  necessarily  related  to  a particular  subbasin  demand. 

The  net  requirements  for  sport  fishing  and  hunting  reflect  only  the 
additional  resource  development  program  required.  Approximations  were 
made  as  to  the  recreation,  fishing  and  hunting,  which  would  be  satisfied 
at  the  water  resources  developments  and  Included  in  the  program.  These 
were  based  on  general  recreation  day-water  area  relationships  as  developed 
from  data  in  Appendix  F,  G,  and  H,  and  Corps  of  Engineers  operational 
statistics. 

120.  Development  and  use  of  the  water  and  related  land  resources 
have  direct  effects  upon  the  physical  environment  of  the  region.  In 
the  planning  processes  the  environmental  factors  are  of  concern  in 
formulating  a development  plan  responsive  to  environmental  quality  goals 
and  in  detailed  project  planning  to  assure  that  the  Impacts  of  the  project 
on  the  local  environment  are  fully  considered.  The  former  is  the  area 

of  concern  to  framework  planning.  However,  In  the  case  of  the  Ohio  study 
the  definition  of  environmental  quality  goals  was  virtually  Impossible, 
particular ly.  In  view  of  the  lateness  In  the  study  when  environmental 
quality  was  promoted  as  a basic  planning  objective.  In  any  event,  the 
definition  of  an  environmental  quality  goal  for  this  region  Is  complicated 
by  the  existence  of  environmental  factors  stemming  from  extensive  present 
development  and  use  of  the  water  and  related  land  resources.  General 
areas  of  scenic  or  historical  Interest  In  the  region  have  been  identified 
and  are  referred  to  in  discussions  and  tables  In  attachments  A and  C. 

The  effects  of  a particular  project  on  the  local  physical  and  social 
environment  are  matters  that  require  detailed  treatment  In  future  detailed 
project  planning. 

121.  The  overall  Ohio  River  Basin  framework  program  was  formulated 
by  Integrating  subbasin  plans  Into  a regional  system  for  controlling  high 
and  low  stream  flows  and  incorporating  into  the  overall  program,  measures 
for  utilizing  potentials  created  by  elements  of  the  control  system  and 
for  satisfying  or  ameliorating  needs  left  unsatisfied  by  such  systems. 

The  procedures  followed  In  subbasin  assessments  and  plan  formulation  are 
described  below.  A regional  hydrologic  system  analysis  was  used  to 
integrate  the  flow  control  features  of  the  subbasin  plans  Into  a regional 
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system.  Feed-back  analyses  were  made  to  assure  adequate  dimension  in  the 
subbasin  plans  to  meet  flow  requirements  at  problem  areas  along  the  Ohio 
River.  By  Integrating  In  the  regional  program  all  features  of  the  sub- 
basin plans  including  those  for  recreation,  fish  and  wildlife,  erosion 
control,  and  other  purposes,  a framework  program  was  defined  that  would 
satisfy,  to  varying  degrees,  the  water  related  needs  of  the  region. 

Since  the  program  thus  defined  failed  to  meet  all  the  needs,  non- 
structural  measures,  and  measures  In  the  private  sector,  to  satisfy  the 
remaining  unsatisfied  needs  were  recognized  as  important  appurtenances 
to  the  overal I framework  program.  Flood  plain  management  and  private 
outdoor  recreation  facilities  are  examples  of  the  type  of  measures  In 
this  general  supporting  category.  However,  because  of  the  lack  of  tech- 
niques for  assessing  the  effectiveness  of  such  programs  without  the 
benefit  of  detail  studies,  and  in  the  absence  of  any  guidance  as  to 
the  relationship,  to  the  framework  program,  of  those  levels  of  outdoor 
recreation  and  land  management  that  have  no  significant  association  with 
development  of  the  water  resources,  the  non-structura I and  private  measures 
were  not  probed  in  depth  for  this  study. 


SUBREGIONAL  ANALYSIS 

122.  System  analysis  of  basic  problems  and  solutions  were  made  by 
considering  each  subbasin  as  an  independent  system,  bearing  in  mind  that 
storage  regulation  of  streamflows  has  widespread  effects  on  downstream 
river  reaches.  A subregional  analysis  is  presented  in  Attachment  A for 
each  hydrologic  subbasin.  The  subbasin  analysis  evolved  around  the 
fol lowing  steps : 

1.  Using  basic  input  data  from  the  various  appendices,  a reference 
base  year  amount  and  projected  Increases  to  years  1980  and  2020  were 
determined  for  the  major  subbasins  for  water  supply  demands  In  million 
gallons  per  day  for  municipal  and  industrial  purposes,  electric  power 
cooling,  rural  communities,  rural  domestic  and  livestock,  and  Irrigation 
purposes:  organic  stream  loadings  expressed  in  population  equivalents 
for  treated  waste  effluents  requiring  stream  assimilation;  average  annual 
flood  damages  in  dollars;  annual  waterway  freight  movement  in  ton-miles; 
annual  general  outdoor  demands  In  recreation  days;  annual  sport  fishing 
and  hunting  demands  In  angler  days  and  hunter  days,  respectively;  and 
lands,  expressed  In  acres  requiring  treatment  and  management,  drainage, 
and  irrigation. 

2.  As  developed  In  Appendix  D,  Water  Supply  and  Water  Pollution 
Control,  the  residual  waste  loadings  to  the  stream  after  secondary  treat- 
ment were  translated  into  flow  requirements  at  point  locations  in  each 
subbasin.  Water  supply  withdrawals  were  developed  also  in  Appendix  D 
for  62  minor  economic  subareas  as  developed  from  a disaggregation  of  the 
19  economic  subregions.  These  data  were  used  to  define  water  quality 
and  water  supply  problem  areas. 
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3.  Reservoir  capacity  requirements  were  established  for  water 
quality,  wafer  supply  and  flood  control  using  generalized  flow-storage 
yield  curves  for  each  major  subbasin.  The  determination  of  reservoir 
storage  requirements  depends  on  the  location  of  storage  sites,  location 
of  problem  areas,  return  flows  and  Joint  uses,  and,  accordingly,  required 
a systems  operation  analysis.  As  an  aid  to  this  analysis,  schematics 
were  prepared  for  each  subbasin  showing  stream  systems,  problem  areas 
requiring  streamflow  control,  projects  In  the  going  development 
program,  and  identified  potential  projects.  Reservoir  capacity  require- 
ments for  water  supply  and  water  quality  were  determined  taking  into 
account  available  ground  water  and  streamflow.  Flood  control  storage 
requirements  reflect  an  effective  comprehensive  flood  control  and  damage 
prevention  program  Including  flood  plain  land  use  regulation  and  other 
non-structura I flood  control  measures.  Final  adjustment  of  reservoir 
capacity  requirements  was  made  for  joint  storage  use.  Storage  require- 
ments in  addition  to  these  provided  at  Identified  sites  were  accounted 
for  to  the  extent  that  resources  Indicated  storage  was  the  most  practical 
means  of  meeting  unsatisfied  water  supply,  water  quality  control,  and 
flood  control  needs. 

4.  After  solutions  for  flood  control,  water  supply,  and  water 
quality  problems  were  defined,  their  storage  control  components  were 
evaluated  for  their  potentiality  in  satisfying  recreation,  fishing,  and 
hunting  demands.  Resources  In  excess  of  subbasin  requirements  were 
assessed  for  their  availability  to  solve  a demand  In  adjacent  subbasins 
and  the  Ohio  River  subareas. 

5.  Reaches  of  the  Ohio  River  together  with  the  drainage  areas  of 
minor  tributaries  were  also  analyzed  similar  to  the  major  tributary  sub- 
basins. Needs  along  the  Ohio  River  were  defined,  and  required  resource 
developments  were  Included  In  the  program.  If  flow  regulation  needs 

In  the  subbasins  are  satisfied,  sufficient  flows  will  be  available  to 
adequately  maintain  water  quality  in  the  Ohio  River. 

6.  Navigation  facilities,  hydroelectric  power  developments, 
flood  control  measures  in  addition  to  storage,  lands  requiring  treat- 
ment and  management,  lands  requiring  drainage,  and  lands  requiring 
irrigation,  as  developed  In  the  other  appendices,  were  then  accounted 
for  In  the  subbasin  plans. 

7.  The  capital  costs  for  the  framework  program  were  determined 
by  applying  cost  relationships  for  similar  programs  and  geographic 
areas,  as  established  In  the  appendices  and  from  agency  data.  The  ele- 
ments of  the  basin-wide  program  for  the  year  2000  were  obtained  directly 
or  by  interpolation  of  study  data  presented  in  the  supporting  appendices. 

Principal  water  supply,  water  quality,  and  flood  problem  areas,  to- 
gether with  projects  in  the  going  program  of  development  and  those  Identi- 
fied as  potential  future  projects  are  shown  on  the  various  subbasin  maps. 
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figure  I in  each  subbasin  summary.  In  attachment  A.  Summary  data  for 
projects  In  the  going  program  are  given  in  table  15  through  21.  Potential 
Identified  projects  are  given  In  tables  24  through  28.  Key  data  relating 
to  problem  areas  are  given  In  table  2 of  the  summaries  and  shown  schemati- 
cally in  figure  2 of  the  subbasin  analyses.  The  schematic  diagram  was 
used  for  general  orientation  In  analyzing  problems  and  needs  and  establishing 
development  requirements  for  streamflow  control.  Subbasin  summary  table  3 
gives  an  accounting  of  storage  capacity  required  for  streamflow  control  In 
addition  to  that  provided  in  the  going  program.  The  amounts  of  storages 
designated  for  the  various  purposes  are  Influenced  by  the  order  of  study 
determination.  They  should  reasonably  represent  the  allocations  of  stor- 
ages between  flood  control  and  low  flow  control  for  the  subbasin  but  may 
have  wide  variances  in  the  allocation  between  water  supply  and  water  quality 
control.  The  allocation  between  these  low  flow  control  Items  are  highly 
Influenced  by  project  location,  timing  of  development  as  related  to  urgency 
of  needs,  law  and  policy  concerning  cost  allocation  and  repayment.  Table  4 
of  each  subbasin  summary  is  an  assessment  of  resource  development  require- 
ments and  initial  Investment  capital  costs  associated  with  serving  units 
of  need  by  time  periods  to  the  year  1980  and  the  year  2020. 

ALTERNATIVES 

123.  Alternatives  were  considered  in  each  step  of  the  study  and 
throughout  the  plan  formulation  process.  Choices  were  evaluated;  but, 
since  benefit-cost  determinations  are  not  a part  of  framework  studies, 
many  selections  were  based  on  approximations  and  the  judgment  of  experi- 
enced planners  familiar  with  the  area.  Each  agency,  in  Its  studies  and 
preparation  of  the  appendices,  considered  the  degree  to  which  the  needs 
should  be  fulfilled  and  the  alternatives  for  solving  the  problems.  Regional 
views  have  been  Incorporated  Into  the  framework  plan  by  active  participation 
of  State  agencies.  Coordinating  Committee  meeting  discussions  and  review 
comments  on  preliminary  drafts  of  all  agency  reports  have  been  in-orporated 
into  the  planning  process.  As  the  detailed  planning  proceeds  through  the 
program  Implementation  phases,  all  possible  alternatives,  some  of  which 
cannot  now  be  foreseen,  will  have  to  be  given  detailed  consideration  as 
a basis  for  selecting  at  that  time  the  best  and  most  economical  solution 
to  a particular  problem.  Since  economics  and  accepablllty  will  be  dominant 
factors  in  assessing  alternatives  to  arrive  at  final  selection,  the  frame- 
work costs  established  herein  should  be  considered  as  an  order  of  magnitude 
rather  than  firm  cost  estimates.  Furthermore,  the  flexibility  Inherent 
in  a plan  of  framework  scope  should  stand  In  good  stead  In  arriving  at 
such  selection. 

Flood  control  alternatives  considered  were  reservoir  storage;  levees, 
floodwalls,  and  channel  Improvements;  land  treatment  and  management;  flood 
plain  management;  flood  forecasting  and  insurance;  and  continued  endurance 
of  a tolerable  flood  damage  risk.  These  various  means  generally  complement 
each  other,  rather  than  being  competitive,  and  each  shares  in  the  prevention 
and  reduction  of  flood  damages. 
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124.  Alternatives  to  serve  water  withdrawals  needs  were  additional 
ground  water  development  and  surface  water  storage.  Aquifer  yleids,  water 
quality  and  development  costs  would  determine  the  merits  of  the  ground 
water  alternative  to  surface  water  storage  for  specific  problem  areas. 
Suitability  of  aquifers  for  recharge  and  availability  of  good-quality 
recharge  water  are  Important  potential  alternatives  to  storage  developments 
to  serve  as  coordinated  system  components  of  large-scale  water  supplies. 
Future  technological  advances  may  eventually  bring  recirculation  of  treated 
waste  effluents  Into  the  picture  as  an  alternative  water  supply  source. 

Probably  the  most  complex  evaluations  of  alternatives  deal  with  water 
quality  control  In  streams.  Criteria  presented  herein  are  essentially 
based  on  sufficient  stream  oxygen  as  measured  by  needs  of  aquatic  life. 
However,  there  are  considerable  differences  In  views  as  to  what  those 
requirements  are,  especially  as  to  the  dissolved  oxygen  needs  and  accep- 
table water  temperatures.  During  early  stages  of  the  study,  4 p.p.m.  of 
dissolved  oxygen  in  the  stream  was  chosen  as  the  water  quality  criteria 
for  the  Ohio  River  Basin  Comprehensive  Survey  as  a datum  for  comparing 
water  quality  needs.  The  Federal  Water  Quality  Act  of  1965  requires  that 
the  States  set  Interstate  stream  standards.  The  long-range  standards 
chosen  are  generally  higher  than  4 p.p.m.  of  dissolved  oxygen,  and.  In 
addition,  other  quality  parameters  are  defined.  The  higher  standards 
would  either  create  a demand  for  more  efficient  waste  treatment  than  the 
85-percent  removal  of  BOD  used  as  a general  criteria  In  the  Ohio  Basin 
study  or  require  additional  water  for  flow  supplementation  and  temperature 
control  In  the  problem  areas.  Restrictions  on  Industrial  waste  effluents 
including  heat  will  also  be  a significant  factor  on  streamflow  requ i cements . 
Detailed  analysis  of  each  problem  area  will  be  required  during  program 
Implementation  to  establish  the  most  feasible  solution. 

125.  In-stream  aeration  by  mechanical  means,  such  as  injection  of 
air  or  turbulence  inducing  mechanisms  can  Increase  the  dissolved  oxygen 
under  certain  conditions  and  may  be  a practical  alternative  to  Increased 
streamflow  in  some  locations.  However,  effectiveness  and  cost  have  not 
been  determined  for  large  installations.  Also,  the  effects  on  in-stream 
uses,  stream  environment  and  the  aesthetics  of  the  immediate  area  need 
careful  consideration.  For  tertiary  waste  processes,  treatment  costs 
are  estimated  to  be  from  3 to  5 cents  per  1,000  gallons,  for  a lO-mlllion- 

^ ga I lon-per-day  Installation  for  foam  separation,  to  somewhat  less  than 

■ a dollar  for  distillation.  Storage  In  the  Ohio  Basin  can  be  provided 

for  $300  an  acre-foot  or  less,  in  most  instances.  Over  the  life  of  the 
project  this  would  be  less  than  2 cents  per  1,000  gallons.  Based  on 
these  estimates,  it  appears  that  in  most  of  the  problem  areas  streamflow 
augmentation  by  reservoir  storage  will  be  the  economical  means  to  assimi- 
late organic  waste  residuals  after  secondary  treatment.  Also  the 
augmented  flow  regenerates  Its  oxygen  levels  on  its  way  downstream  after 
the  dissolved  oxygen  has  reached  the  lowest  content,  and  therefore,  can 
usually  assist  in  solving  other  downstream  quality  problems.  In  addition, 
while  stored,  the  water  quality  storage  may  serve  recreation  uses.  At 
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some  locations,  especially  in  extreme  head  water  areas,  where  storage 
sites  are  scarce  or  the  water  resource  limited,  the  higher  degree  of  waste 
treatment  may  be  the  oniy  solution. 

126.  Although  practical  and  economic  water  renovation  techniques 

for  general  use  are  presently  unavailable,  future  development  of  a physical- 
chemical  separation  process  to  remove  dissolved  salts  and  complex  synthetic 
organic  wastes  which  are  unaffected  by  standard  treatment  may  change  the 
entire  philosophy  of  water  needs.  Water  can  then  be  recycled  and  be  Inde- 
pendent of  the  continuous  flow  at  a source.  This  might  change  the  entire 
concept  of  waste  treatment  as  it  relates  to  stream  flow.  It  Is  not  believed 
that  this  type  of  development  will  affect  the  early  storage  needs  of  the 
basin  although  It  will  probably  become  more  significant  in  the  later  part 
of  the  study  period. 

OHIO  RIVER  BASIN  FRAMEWORK  DEVELOPMENT  PROGRAM 

127.  Timely  Implementation  of  the  Ohio  River  Basin  Development 
Program  formulated  herein  will  satisfy  the  foreseeable  demands  In  goods 
and  services  which  are  best  furnished  by  water  and  related  land  resources. 
The  study  demonstrates  that  broad,  large-scale,  Ohio  River  Basin  demands 
for  products  and  services  of  water  resources  development  can  be  met  In 
large  part  by  a system  of  multiple-purpose  Impoundments  and  other  structural 
and  management  measures.  The  study  also  shows  that  these  measures  must 

be  supplemented  by  other  resource  developments  and  management  programs 
to  achieve  an  optimum  basin-wide  plan.  The  Department  of  Agriculture's 
studies  of  farming  practices  and  the  timber  Industry  Indicate  a need  for 
watershed  management  Including  land  treatment  and  structural  measures  as 
essential  elements  of  an  upstream  watershed  program.  Other  studies  show 
that  land  treatment  and  management.  Irrigation,  drainage,  recreation, 
hunting,  and  fishing  should  be  developed  within  the  concepts  of  the  frame- 
work  development  program.  Weather  and  streamflow  forecasting,  flood  plain 
management  and  weather  modification  are  needed  to  supplement  structural 
measures  for  flood  control.  In  addition  to  the  program  for  development 
of  water  resources  and  related  lands,  other  programs  for  recreation, 
enhancement  of  fish  and  wildlife  and  preservation  of  scenic  areas  will 
be  Important  aspects  of  the  total  framework  plan.  Ancillary  programs 
such  as  water  and  waste  treatment  plants,  pumping  stations,  wells,  etc., 
are  needed  to  fully  utilize  the  water  resources  made  available  by  imple- 
mentation of  the  plan, 

STREAMFLOW  CONTROL 

128.  The  development  program  to  year  2020  would  reduce  flood  damages 
through  storage,  detention  structures,  local  protection  projects,  land 
treatment  and  management  and  flood  plain  regulation.  The  plan  provides 
for  33.4  million  acre  feet  of  storage  In  addition  to  the  17  million  in 
the  July  1965  program.  Of  this  new  construction  15.3  million  acre  feet 

is  available  in  161  identified  major  reservoir  sites  and  3.5  million  is 
in  2,930  potential  upstream  watershed  de-*^ention  structures.  The  remaining 
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14.6  million  acre  feet  are  in  sites  still  unidentified  but  believed  avail- 
able based  on  a review  of  available  topographic  and  geology  data  for 
pertinent  subbasin  areas.  The  upstream  detention  storage  sites  generally 
complement  the  major  reservoirs  storage.  The  exact  locations  and  possible 
alternative  use  of  reservoirs  must  be  determined  In  detailed  planning. 

Table  24  lists  the  identified  potential  reservoir  sites  and  table  25 
the  upstream  watershed  projects  together  with  pertinent  data  on  the  structures, 
channel  improvement  and  other  items.  The  plan  includes  700  flood  plain 
Information  studies  as  a basis  for  improved  flood  plain  management.  In 
addition,  increased  channei  capacities,  levees  or  flood  walls  are  needed 
to  solve  local  problems.  The  plan  contains  95  major  and  48  small  local 
protection  projects  containing  about  400  miles  of  levees  and  flood  walls 
and  about  88  miles  of  major  channel  improvement.  These  proposed  projects 
are  summarized  by  types  and  subbasins  in  Table  24A.  The  upstream  watershed 
program  includes  6,300  miles  of  rural  channel  recti f ication.  Intensive 
land  treatment  and  management  can  reduce  erosion  and  retard  runoff  with 
some  beneficial  effects  on  flood  stages  in  the  smaller  drainage  areas. 

However,  its  effects  on  major  tributary  and  Ohio  River  floods  would  not 
be  significant.  The  plan  includes  land  treatment  and  management  on  29.2 
million  acres  in  upstream  watersheds,  above  reservoirs  and  in  critical  areas. 
Another  22  million  acres  of  land  treatment  and  management  is  to  be  provided 
by  affiliated  land  management  programs. 

129.  Forty  percent  of  the  projected  potential  2020  flood  damages 
are  in  upstream  areas  and  sixty  percent  in  downstream  areas.  The  plan 
will  reduce  the  total  estimated  2020  potential  damages  of  $296  million 
to  a total  residual  for  the  region  of  about  $70  million  average  annual 
damages.  Structures  will  prevent  $167  million  average  annual  damages 
and  $59  million  will  be  prevented  by  the  nonstructura I measures.  As 
might  be  expected  the  greatest  damage  prevention  per  acre  Is  in  the  more 
industrialized  stream  reaches.  Approximately  one-sixth  of  the  Ohio 
Basin's  average  annual  2020  flood  damages  would  be  along  the  Ohio  River, 
which  is  particularly  vulnerable  to  a flood  greater  than  any  of  record. 

Much  of  the  storage.  In  addition  to  reducing  tributary  flood  damages.  Is 
also  needed  to  control  such  extreme  flood  occurrences.  Although  rare 
floods  have  little  effect  on  average  annual  dollar  damage  determinations, 
such  a potential  constitutes  a major  problem  In  the  basin.  Such  an 
occurrence  could  overtax  existing  protection  works  and  cause  billions 
of  dollars  of  damage,  create  major  disruption  In  the  regional  economy 
and  cause  extensive  human  suffering  and  loss  of  life. 

The  plan  to  2020  includes  nearly  half  a million  acre-feet  of  sediment 
storage  in  upstream  detention  structures  and  about  two  million  acre-feet 
in  major  flood  control  reservoirs  in  the  development  program.  Storage 
volumes  for  sediment,  and  evaporation,  and  seepage  losses  are  included 
In  the  storage  capacities  specified  for  each  water  resource  development 
purpose. 
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130.  The  framework  development  plan  to  year  2020  Includes  19.3 
million  acre-feet  of  storage  for  increase  of  low  streamflow  to  serve 
water  supply  withdrawal  and  stream  quality  needs.  One  million  acre-feet 

of  this  is  in  the  program  for  upsteam  watershed  projects.  Over  3.2  mi i I ion 
acre-feet  of  this  required  low  flow  supplementation  storage  can  be  obtained 
from  joint  use  of  seasonal  flood  control  storage  space  within  Identified 
storage  sites  and  there  may  be  more  opportunity  for  joint  use  In  the 
additional  reservoirs  required.  Low  flow  regulation  needs  for  the  Ohio 
River  are  served  by  providing  about  one  million  acre-feet  of  storage 
above  Pittsburgh,  Pa.,  which  would  Increase  the  base  flow  during  critical 
periods  by  about  thirty  percent. 

Execution  of  the  plan  would  result  In  adequate  water  quality  for  most 
water  biota.  The  plan  as  presently  defined  is  based  on  a complementary 
program  of  secondary  treatment  of  all  wastes  prior  to  flow  augmentation. 
Together  the  plan  and  that  program  would  provide  a minimum  of  4 p.p.m. 
of  di solved  oxygen  In  the  basins  streams  except  In  periods  of  severe 
drought.  Higher  quality  of  streamflow  would  require  added  treatment, 
further  augmentation  of  stream  flows  or  a combination  thereof.  Sufficient 
water  for  withdrawals  and  consumptive  use  to  2020  Is  provided  from  wells, 
stream  flow  or  storage. 

The  framework  program  provides  15.8  million  acre  feet  of  new  storage 
to  be  In  place  by  I960.  Of  this  total  8.8  million  acre  feet  is  available 
In  sites  In  which  field  Investigations  to  some  degree  have  been  made. 

Joint  use  will  reduce  the  remaining  new  storage  required  by  1980  to  7.0 
million  acre  feet.  Of  this  amount  60  percent  Is  for  water  supply  and 
water  quality  control  where  storage  is  needed  close  to  the  problem  area. 

The  remaining  40  percent  Is  for  control  of  tributary  and  Ohio  River  floods. 

A portion  Is  placed  In  the  early  action  portion  of  the  program  to  allow 
for  inclusion  of  this  type  of  storage  In  those  reservoirs  which  are  selected 
for  water  supply  and  augmentation  for  water  quality  control.  This  process 
of  combined  storage  developments  makes  best  use  of  the  sites  available. 

131.  The  following  chart  shows  the  distribution  of  storage  In  the 
plan  and  in  the  going  program.  The  drainage  areas  of  the  subregions  are 
given  so  that  the  magnitude  of  storage  can  be  compared  to  area. 
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HYDROELECTRIC  POWER 

132.  The  Ohio  Basin  has  adequate  resources  to  meet  electric  power 
requirements.  The  preponderance  of  power  generation  will  be  at  thermal 
electric  steam  plants.  About  30  percent  of  the  total  generation  by  2020 
may  be  nuclear  steam  power.  After  I960,  it  is  assumed  most  new  thermal 
power  generating  plants  will  use  cooling  towers  or  ponds  to  dispose  of 
waste  heat  to  prevent  thermal  pollution  problems  in  streams.  It  is  ex- 
pected that  hydroelectric  plants,  mostly  pumped  storage  projects,  will 
supply  upwards  to  ten  percent  of  total  capacity  requirements.  Undeveloped 
hydroelectr ic  potentials  of  about  7.2  million  kilowatts  are  considered 
feasible  of  development  by  1980  and  are  Included  in  the  program  at  an 
estimated  cost  of  $0.8  billion.  Of  this,  about  40  percent  Is  pumped 
storage.  All  potential  hydroelectric  power  sites  have  not  been  Investi- 
gated; however,  it  appears  that  sufficient  resources  are  available  to 
provide  a total  of  about  40  million  kilowatts  of  hydroelectric  capacity. 
All  of  this  is  by  2020.  The  Investment  from  1980  to  2020  is  estimated 
to  be  over  $3.7  billion. 
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Opportunity  for  hydroelectric  power  development  will  also  be  provided 
by  release  of  water  for  other  purposes  from  storage  at  dam  sites  with 
high  heads  and  at  run-of-river  developments.  Storage  regulation  will 
considerably  Increase  energy  generation  and  dependable  plant  capabilities 
at  downstream  plants. 

NAVIGATION 

133.  The  Ohio  River  is  the  principal  element  of  the  water  trans- 
portation system  in  the  basin,  and  improvements  for  navigation  are  a 
basic  part  of  the  framework  program.  The  slack  water  navigation  pools 
are  a series  of  impoundments  which  also  provide  enhanced  opportunities 
for  water  supply  and  recreation  developments.  Hydroelectric  power  is 
developed  at  some  navigation  dams  and  is  potentially  developable  at  others. 

Completion  of  the  navigation  system  modernization  program  now  underway, 
increasing  waterway  channel  depths  on  existing  systems,  and  canalized 
tributary  improvements  and  extensions  provided  In  the  plan  will  serve  the 
projected  2020  demand  of  147  billion  ton-miles.  The  total  construction 
cost  of  the  required  navigation  improvements  within  the  Ohio  Basin  study 
area  is  estimated  at  $1.81  billion  in  addition  to  $785  million  needed 
to  complete  the  1965  going  program.  The  plan  would  Improve  2,187  miles 
of  waterways,  extend  them  204  miles  and  add  323  miles  of  potential  new 
waterway. 

OUTDOOR  RECREATION,  HUNTING  4 SPORT  FISHING 

134.  The  water  resource  development  program  would  provide  opportunity 
for  nearly  500  million  annual  recreation  days  including  fishing  and  hunting. 
The  cost  of  associated  use  facilities  would  be  about  $1.7  billion  of  which 
about  $50  million  would  be  sport  fishing  and  hunting  costs.  Land  costs  to 
serve  outdoor  recreation  are  included  in  the  overall  cost  of  reservoir 
projects.  Projection  of  recreation  facilities  at  water  resource  and  related 
land  developments  In  the  framework  plan  indicates  a remaining  deficit  in 
the  Ohio  Basin  of  over  470  million  annual  recreation  days  Including  hunting 
and  fishing  which  would  have  to  be  satisfied  by  recreation  oriented  programs 
with  little  or  no  significant  Impacts  on  water  resources.  Subbasin  and 
basin-wide  water  and  related  programs  covered  in  this  report  provide  recre- 
ation development  opportunities  to  serve  public  demand  within  reasonable 
driving  distance,  except  In  the  vicinity  of  the  major  metropolitan  areas  of 
Pittsburgh,  Columbus,  Cincinnati,  Louisville  and  Indianapolis.  In  these 
areas,  single-purpose  developments,  or  alternatives  to  water-based  outdoor 
recreational  opportunities  may  have  to  be  adopted  to  fulfill  the  desires 
for  recreation. 

RELATED  LANDS 

The  plan  Includes  land  treatment  and  management  on  29.2  million  acres 
In  upstream  watershed  projects,  above  the  potential  reservoirs  and  In  critical 
areas.  Also  included  are  the  preparation  of  1.3  million  acres  of  land  for 
Irrigation  and  the  installation  of  drainage  on  4 million  acres. 
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FRAMEWORK  DEVELOPMENT  PROGRAM  SUMMARY 

135.  The  framework  development  program,  outlined  in  this  appenaix, 
provides  for  satisfying  the  water  and  related  land  needs  as  projected  to 
2020.  The  first  capital  investment  cost  of  the  program  is  estimated  to 
total  about  $22  billion  by  2020.  Costs  for  other  programs  such  as  for 
additional  land  treatment  and  management  on  21.9  million  acres  outside 
watershed  project  areas  and  providing  for  the  remaining  recreation  needs 
are  estimated  to  cost  an  additional  $2.2  billion  by  2020.  The  costs  for 
water  purification  and  waste  water  treatment,  sewers,  ground  water 
development,  correction  of  mine  drainage,  environmental  programs  were 
not  defined  because  of  lack  of  sufficient  cost  data  available,  but  are 
an  essential  adjunct  to  the  overall  program. 

The  importance  of  preservation  of  scenic  areas,  historical  and  cul- 
tural sites  and  other  environmental  facotrs  has  been  recognized  and  pro- 
vision is  made  for  detail  planning  consideration.  These  items  will  be 
significant  factors  in  selecting  projects  and  alternative  sites  within 
the  framework  plan.  River  reaches  considered  suitable  for  scenic  river 
development  in  the  national  Interest  are  currently  being  considered  by 
Congress.  In  addition,  state  programs  include  wild  and  scenic  river 
reaches  for  preservation.  Implementation  of  these  programs  may  reguire 
choosing  some  alternative  sites  for  storage  development  more  costly  than 
those  provided  for  in  the  program. 

The  following  tabulation  gives  an  accounting  of  the  total  storages 
required  for  the  framework  development  program  as  summarized  from  the 
Ohio  Basin  subbasin  analyses  presented  in  attachment  A. 
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OHIO  RIVER  BASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STPFAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 

Storage 

(Cumulative) 

1980 2020 

(million  acre-feet) 

A.  WATER  (JUALITY  CONTROL 


1. 

Storaae  required 

4.47 

h.40 

2. 

Storage  provided  in  Identified  potential  =ites 

1.41 

4.06 

3. 

Additional  storage  required 

3.06 

“'.34 

B. 

WATER  WITHDRAWALS 

1. 

Storage  reouired 

2.26 

9.95 

2. 

Storage  provided  In  Identified  potential  sites 

1 .05 

2.05 

3. 

Additional  storage  required 

1 .21 

7.90 

C. 

FLOOD  CONTROL 

1 

1. 

Subbasin  and  Ohio  River  control  requi rement 

9.99 

33.37 

i 

2. 

Storage  provided  in  identified  potential  sites 

6.34 

18.77 

a.  for  solving  localized  problems 

b.  effective  In  controlling  both  subbasin  and  Ohio  River  flows 

(1.34) 

(5.00) 

(3.49) 

(15.28) 

3. 

Additional  storage  required^** 

3.65 

14.60 

D.  TOTAL  STORAGE  VOLUME  REQUIRED 


I,  Water  quality  control,  water  withdrawals,  and  flood  control 


(A|tB,+C| ) 

16.72 

52.72 

2. 

Available  In  Identified 

potential  sltes*^^ 

8.80 

24.88 

3. 

Joint  use  storaqe^^^ 

0.93 

3.24 

4. 

Storage  required  In  addi 

It  ion  to  Inventoried  s i tes(D| -D2*Dj) 

6.99 

24.60 

TOTAL  NEW  STORAGE  CONSTRUCT  1 

ION  REOUIRED  (O1-D3) 

15.79 

49.48 

NOTES:  (I)  Remalninq  storage  reouired  for  tributary  protection  and  to  reduce  the  Ohio 

River  Standard  Project  flood  to  t laximum  flood  stage  of  record. 

(2)  See  figure  I of  each  subbasin  and  tables  24  and  25. 

(3)  Seasonal  flood  control  storage  snace  requirement  differential  available  for 
low  flow  control  Joint  use. 

(4)  Terrain  Indicates  storage  sites  are  potentially  available. 
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A summary  of  the  total  Ohio  River  Basin  framework  development  pro- 
gram giving  the  amount  and  cost  of  individual  programs  is  shown  in  the 
following  tabulation. 

FRAMEWORK  PROGRAM 
FOR 

DEVELOPMENT  OF  WATER  AND  RELATED  LAND  RESOURCES 


strfamflow  control  and  in-stream  use 

1.  Storage  for  Increasing  Flows  and  Furnishing 

Water  for  Withdrawal  and  Use million  acre-feet.. 

2.  Control  of  Floodflows 

a.  Reservoir  and  Detention  Storage million  acre-feet.. 

b.  Local  Protection  Projects miles.. 

c.  hannel  Improven'ent do.... 

d.  Flond  Plain  Information  Studies number  of  studies.. 

3.  Navigable  Waterways 

a.  Improvements  in  1965*Program  System. .. .mi les  of  channel.. 

b.  Potential  Extensions  and  New  Waterways do.... 

i*.  Hvdrm<»l  ec  tr  i c Power,  Installed  Capacity megawatts.. 

Total  (rounded) 


Cumu'at 

i ve . in  Addi t i on  to 

1965  Program 

To  1 

isSo 

To  2000 

To  2020 

Cos  t 

Cost 

Cos  t 

(billion 

(billion 

(bill  ion 

Amount 

dol  lars ) 

Amount  do) lars ) 

Amount  dpi lars ' 

5.80 

1 .uo 

R.70  2.18 

16.11  3. ‘56 

9.99 

2.51 

15.89 

3.99 

8. 50 

152 

• >5 

320 

.25 

488 

2,394 

.09 

3.037 

.12 

6.328 

.24 

200 

.005 

A50 

.01 1 

700 

.o'fi 

2.187 

.454 

2,187 

.646 

2.187 

.662 

'72 

.014 

400 

.944 

527 

1 .444 

7.200 

.81 

20.100 

2.21 

40,000 

4.50 

5.44 

10.55 

RELATED  PROGRAMS 


3. 

U. 


Outd*'''r  Recreation,  Sport  Fishing, 
and  Hunting 

Wat‘''"shoci  Land  Treatment^'^ 
a”d  H;^nagm-'«»nt 

(2) 

Lands  to  be  Irrigated  

(2) 

Lands  • He  Drained  

Total 

Grand  Total 


.mlMion  man-days.. 

132.7 

0.46 

199.1 

0.70 

494 . n 

1.7? 

...mill  ion  acres. , 

1 1 .4 

.29 

25.6 

.63 

29  2 

.73 

, . . .mi n ion  acres . . 

. 1 

.01 

.7 

.06 

1.3 

.12 

, . ,m i M ion  acres  . . 

3.2 

.42 

3.8 

4.0 

1 . 18 

1 .^0 

, n 

== 

6.62 

12.25 

22.48 

Ro-atninq  demands  - To  be  met  by  affi 

Outdoor  Recreation,  Sport  Fishing, 
and  Hunting.,,,... 

1 iated  programs. 

179.5 

0.64 

449.5 

1.58 

471  .4 

1 .64 

Additional  Land  Treatment  and 

Manage-en  t , . . . 

7.0 

13.8 

21  .9 

Total .81  1.93  2.19 


(1)  Includes  land  treatment  and  management  in  potential  watershed  projects,  above  potential  storage  reservoirs,  and 
crit'cal  erosion  areas. 


(2) 


Preparation  of  lands  and  onfar*  facilities. 
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The  relationship  of  capital  Investments  that  will  be  required  within 
each  subbasin  to  Implement  the  Ohio  Basin  Comprehensive  Framework  Plan 
of  Development  at  an  estimated  cost  of  $22  billion  Is  as  follows: 

Captlal  Investment  Required  to 
Implement  Development  Program 
1965-1980  1965-2020 

Percent  of  Percent  of 

Subbas  I n Total Total 


Al  logheny 

3.1 

3.8 

Monongahela 

7.0 

5.1 

Beaver 

3. 1 

5.6 

MuskI ngum 

3.8 

3.9 

Kanawha,  Little  Kanawha 

14.1 

12.7 

Guyandotte,  Big  Sandy,  Little  Sandy 

2.2 

3.5 

Scioto 

4.3 

4.2 

Great  Miami,  Little  Miami 

4.3 

3.9 

Licking,  Kentucky,  Salt 

8.9 

6.4 

Green 

3.8 

5.1 

Wabash 

27.0 

29.6 

Cumberland 

4.4 

3.9 

Ohio  Main  Stem  A Minor  Tributaries 

14.0 

12.3 

TOTAL  - OHIO  BASIN 

100 

100 
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SCHEDULE  OF  DEVELOPMENT  PROGRAM 

Timely  development  of  water  and  related  land  resources  as  outlined 
in  the  framework  plan  will  provide  the  goods  and  services  which  can  best 
satisfy  the  projected  basin  needs.  Implementation  of  the  plan  as 
scheduled  will  support  a sound  economy  and  solve  some  social  problems  in 
the  Ohio  Basin  by  sustaining  Job  opportunities,  reducing  flood  losses, 
providing  necessary  water  supplies,  meeting  electric  power  generation 
needs,  increasing  agricultural  production,  providing  facilities  for  eco- 
nomic transport  of  bulk  commcdities  and  more  opportunities  for  outdoor 
and  leisure  time  activities.  The  degree  of  success  of  implementation 
and  accomplishment  of  the  plan  to  serve  the  projected  population  and  eco- 
nomic growth  wi I i be  primariiy  dependent  on  timely  effective  management 
by  responsible  agencies,  especially  in  the  provision  of  adequate  financiai 
support. 

Poliution  problems  are  critical  and  need  immediate  remedial  measures. 
Storage  reservoirs  for  flow  supplementation  upstream  of  critical  problem 
areas  should  receive  high  priority.  Replacement  of  outmoded  locks  on  the 
Ohio  River  should  be  expedited  to  relieve  the  extremely  congested  condi- 
tions existing  or  projected  for  the  immediate  future.  I mp i ementat ion  of 
non-structura I measures  relating  to  flood  damage  reduction,  environmental 
consideration  and  improved  land  management  are  also  urgent.  In  general, 
problems  of  overall  basin  flood  control,  erosion  prevention,  navigation 
in  tributaries,  water  supply,  etc.,  for  an  expanding  economy  fit  more 
logically  into  long-range  budgeted  programs  where  an  eguitable  share 
must  be  accomplished  each  year.  There  are  many  local  problems  in  all 
categories  that  are  urgently  needed. 

The  costs  presented  are  based  on  the  units  of  development  needed  to 
be  in  place  by  the  time  periods  designated.  Care  must  be  used  in 
applying  these  figures  to  project  scheduling  as  it  often  becomes  necessary 
to  construct  a project  to  its  ultimate  capacity  at  one  time.  Therefore, 
additional  studies  are  needed  to  obtain  detailed  scheduling  and  budgeting 
data , 

Water  resource  project  and  program  formulation  for  the  Appalachian 
Development  Program,  and  in  the  Kanawha,  and  Wabash  Basins  and  other  more 
detailed  comprehensive  programs  are  a part  of  satisfying  the  total  basin 
needs.  Projects  recommended  In  these  studies  fit  into  the  Ohio  River 
Basin  framework  plan.  Nevertheless,  as  detailed  investigations  are  made, 
there  will  be  some  modification  required  in  all  the  plans.  Therefore, 
periodically  the  framework  plans  should  be  updated.  It  should  be  pointed 
out  that  the  inclusion  of  potential  projects  of  any  type  in  the  framework 
plan  for  the  Ohio  River  Basin  does  not  constitute  an  indorsement  of  that 
project  by  the  affected  states  and  part ic i pat i nq  federal  agencies. 

The  costs  of  the  various  functional  aspects  of  the  comprehensive 
Ohio  River  Basin  framework  program  for  water  and  related  land  resource 
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development  by  time  periods  are  summarized  In  the  chart  on  page  VI -23. 
The  categories  of  Investment  in  terms  of  detailed  investigations,  struc- 
tural and  nonstructural  classes  and  an  Indication  of  Federa I -non-Federa I 
costs  are  shown  In  the  chart  on  page  VI -24. 
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OHIO  BASIN  FRAMEWORK  DEVELOPMENT  PROGRAM 


FIRST  COSTS  IN 


BILLIONS  OF  DOLLARS 

(CUMULATIVE) 


Related  Programs 

Includes  outdoor  recreation,  sport  fishing,  hunting  at  water 
resources  projects,  irrigation,  drainage  and  land  treatment 
and  management. 


22  48 


Hydropower  - Conventional  and  pumped  storage  development 


Navigation  • Includes  improvements  to  existing  waterways 
and  potential  new  waterways 


Local  protection  • Includes  channels,  levees  and  walls  and  flood 
plain  information  studies 


Low  flow  supplementation  storage  - for  water  quality  improvement 
and  withd rawals. 


Flood  control  storage  Reservoir  and  detention  structures 


IHYDROPOWER 
^ LOCAL  PROTECTION 
RELATED  PROGRAMS 


NAVIGATION  R 


COMPLETION 

19  8 0 

OF  1965 

PROGRAM 

PERCENT  OF  DEVELOPMENT  PROGRAM  COSTS 


OHIO  RIVER  BASIN  FRAMEWORK  DEVELOPMENT  PROGRAM 


CATEGORIES  OF  INVESTMENT 
FIRST  COSTS  TO  2020 


PLANNING,  DESIGN 
& ENGINEERING  6 

NON  STRUCTURAL 
PROGRAM  9 


STRUCTURAL 
PROGRAM  85 
INCLUDES 
RESERVOIR  LANDS 


CAPITAL  INVESTMENT 


L 


RELATED J>R0GRAM  ABOUT  50  FEDERAL  • 


INITIAL  FEDERAL 


HYDRO  POWER 
20.0 


NAVIGATION 

8.1 


LOW  FLOW 
STORAGE 
17  6 


WATER  SUPPLY 
REIMBURSABLE  I 

STREAM 

QUALITY  MOSTLY  > 
FEDERAL 


FLOOD  STORAGE 
37  8 


MOSTLY  FEDERAL 


PROGRAMS 


BASED  ON  RECENT  PROGRAM  AVERAGIS 


ULTIMATE 

FINANCIAL 

RESPONSIBILITY 


FEDERAL  70  NON  FEDERAL  30 
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IMPLEMENTATION 

The  development  program  for  the  Ohio  River  Basin  can  be  implemented 
under  existing  Federal,  state  and  local  laws  and  programs  with  minor 
modifications  and  proper  coordination  of  program  planning  and  resource 
management.  Continuation  and  acceleration  of  going  programs  for  water 
resources  and  related  land  development  are  essential  to  meet  the 
demand  for  goods  and  services.  Additional  funds  for  project  construc- 
tion and  resources  management  are  urgently  needed.  Difficulty  in 
arranging  for  financing  by  the  non-Federal  participators  in  these  pro- 
grams may  require  modifications  in  cost  sharing  procedures  and  leqis- 
lative  actions  for  efficient  and  effective  short-  and  long-term 
financing.  Special  legislative  actions  of  the  nature  presently  routine 
at  all  levels  of  government  should  serve  most  needs.  Establishment  of 
uniform  equable  cost  allocations  to  the  needs  served  and  cost  sharing 
of  the  benefit  recipients  should  be  firmly  established. 

Efficient  Implementation  of  the  comprehensive  framework  plan  must 
Include: 

a.  An  organization  for  continued  coordination  of  the  numerous 
studies  of  various  agencies  and  interests  required  to  implement  the  plan. 
Its  duties  should  include  the  preparation  of  coordinated  budqets  for 
planning  needed  to  Implement  the  plan  and  provide  for  continuous  updating. 

b.  Coordination  of  operations  to  maximize  the  potential  of  all 
related  development  resources. 

c.  The  extension  of  programs  to  collect  basic  data  on  water 
resources  and  use,  especially  as  related  to  water  supply  and  quality 
as  related  to  efficient  development  and  use. 

d.  Programs  to  efficiently  manaqe  water  resources  and  related 
land  use  especially  that  required  for  storage  development,  lands  in  flood 
plains  and  those  of  scenic,  ecological  and  other  environmental  ir.;,orrarn_t  . 

e.  Progressive  policy  determinations  in  reqard  to  uniformity 
of  cost  allocation  procedures  and  economic  justification  criteria  bv  all 
Interests  as  applied  to  all  projects  and  alternatives  to  assure  best 
development  and  use  of  resources. 

In  Implementing  the  plan  of  development  for  the  Ohio  Piver  Basin 
careful  evaluation  of  the  alternatives  will  be  required.  The  study  has 
presented  the  apparent  most  logical  means  of  providing  for  the  needs  for 
water  resource  and  related  land  developments.  However,  appraisal  of 
alternatives  as  applied  to  specific  problems  and  locations  will  be  a 
necessary  part  of  project  and  program  planning.  Coordination  with  all 
pertinent  interests  during  preiiminary  pianning,  design,  construction 
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and  management  of  the  facilities  Is  a necessary  part  of  the  Implementation 
program. 

Responsibility  for  implementation  of  various  aspects  of  the  program 
must  be  defined  and  full  coordination  exercised.  The  responsibility  of 
the  Federal  agencies  participating  in  the  study  is  defined  by  law  and 
policy.  It  must  be  recognized  that  these  can  change  and  undoubtedly  will 
but  based  on  present  authority  and  policy,  the  agencies'  responsibilities 
are  generally  as  follows. 

116.  The  Department  of  Agriculture  is  responsible  for  administering 
the  program  of  assisting  in  providing  flood  control  in  upstream  agricultural 
flood  plains  and  upstream  urban  areas  where  flood  damages  of  minor  magnitude 
exist  and  for  developing  multiple-purpose  storage  in  the  flood  water  deten- 
tion structures  as  pertinent.  The  Watershed  Protection  and  Flood  Preven- 
tion Act,  Public  Law  566,  83rd  Congress,  as  amended,  provides  for  assisting 
states  and  local  agencies  in  solving  water  and  related  land  problems.  The 
planning  Is  limited  to  watersheds  or  sub-watersheds  of  not  more  than 
250,000  acres  in  area  and  maximum  flood  detention  capacity  of  12,500  acre- 
feet  and  a total  storage  for  all  purposes  of  25,000  acre-feet  in  any  one 
structure.  Agreements  must  be  obtained  from  owners  of  at  least  50  percent 
of  the  land  in  watersheds  above  each  retention  reservoir  to  carry  out 
recommended  soil  conservation  measures.  Upstream  watershed  projects  shown 
in  the  plan  are  those  which  could  meet  these  requirements. 

In  addition  to  watershed  programs  under  Public  Law  566,  the  Department 
of  Agriculture  administers  supervision  of  National  Forests  and  collects 
agricultural  data  and  makes  studies  for  economic  research. 

The  agreement  of  September  23,  1965,  between  the  Soil  Conservation 
Service  of  the  Department  of  Agriculture  and  the  Corps  of  Engineers  de- 
fines primary  areas  of  responsibility  with  respect  to  flood  protection  by 
engineering  works.  Full  coordination  and  review  of  each  agency's  plans  by 
the  other  are  provided  to  avoid  conflict  and  duplication. 

117.  The  Corps  of  Engineers  In  cooperation  with  all  other  interests 
has  major  responsibility  for  widespread  comprehensive  water  resources 
development  including  reservoir  Impoundment  of  flood  and  excess  flows  for 
later  release,  local  flood  protection  projects,  flood  plain  Information 
studies,  flood  plain  management  programs,  hydroelectric  power  generation, 
navigation.  Irrigation,  drainage,  recreation,  and  conservation  of  fish  and 
wildlife  and  aesthetics  at  project  sites. 

The  Department  of  Commerce's  Environmental  Science  Services  Adminis- 
tration provides  weather  forecasts,  flood  warning  service  and  low  flow 
forecasts. 
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The  Public  Health  Service,  Department  of  Health,  Education,  and 
Welfare,  is  responsible  for  the  health  aspects  of  water  resources.  It 
is  currently  preparing  a series  of  "Health  Guidelines  for  Water  Resource 
and  Related  Land  Use  Manaqement."  Use  of  these  Guidelines  in  water 
resource  planning  should  result  in  measures  to  eliminate  or  minimize 
existing  and  potential  health  threats  thereby  benefiting  the  health  and 
we  I I -being  of  man. 

The  Department  of  Interior  has  a responsibility  for  topographic  and 
geologic  mapping,  collecting  basic  data  on  water  resources,  and  manaainq 
fish  and  wildlife,  minerals  and  mining  and  recreation.  These  programs 
are  often  cooperative  with  state  governments.  The  Department  adminis- 
trates National  Park  areas,  energy  sales  from  public  power  facilities  and 
water  pollution  control  programs  affecting  interstate  streams.  Technical 
assistance  and  guidance  to  state  agencies  and  others  for  self-supported, 
outdoor  recreation  are  a part  of  their  program. 

The  Federal  Power  Commission  issues  preliminary  permits  for  studies 
of  potential  hydroelectric  projects,  and  the  issuance  of  licenses, 
limited  to  50  /ears,  for  the  construction  and  operation  on  non-Federal 
hydroelectric  projects.  The  Commission  may  condition  licenses  for 
protection  of  life,  health,  and  property;  flood  control;  naviaation; 
recreation;  scenic  beauty  and  fish  and  wildlife. 

The  states,  local  governments  and  private  sectors  of  the  economv 
investigate  many  resource  development  projects,  carry  out  the  implementa- 
tion of  plans  of  development  on  their  own  and  in  cooperation  with  Federal 
development.  On  many  Federal  projects  they  provide  for  a share  of  lands, 
easements,  rights  of  way  and  maintain  the  works.  Flood  plain  manaqement 
is  primarily  the  responsibility  of  State  and  local  governments. 

Water  supply  Is  generally  a state,  local  or  private  responsibility 
and  if  provided  by  a Federal  water  resource  development  project,  the 
cost  is  reimbursed  by  the  users.  Ground  water  development,  pumping  plants 
for  water  supply  withdrawals,  treatment  and  distribution  systems  are 
generally  local  responsibilities.  Water  quality  storage  in  Federal 
storage  projects  is  generally  a non-re imbursab I e Federal  expense  If  bene- 
fits are  widespread. 

The  maintaining  of  adequate  measures  for  prevention  and  control  of 
water  pollution  Is  primarily  a state  responsibility. 

The  preservation  and  enhancement  of  the  environmental  factors  of 
unusual  significance  Is  a responsibility  of  all.  Each  Federal,  State 
and  local  agency.  Industry  and  private  citizen  can  assist  in  keeping 
America  beautiful.  It  Is  the  responsibility  of  all  water  resources  and 
related  land  planning  and  construction  interests  to  give  consideration 
to  historic  and  archeological  sites,  areas  of  rare  ecology  and  to 
preserve  and  enhance  green  spaces,  and  areas  of  scenic  beauty  when 
practical . 
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Introduction  to  Subbasin  Assessments 


The  primary  objective  of  the  subbasin  analyses  Is  to  assess  the 
geographic  components  of  the  Ohio  River  Basin  framework  plan.  Both 
requirements  and  resources  were  assessed  larpely  on  standardized  data 
to  facilitate  comparability  among  subbasins.  Conseauent I y , numbers 
presented  should  not  be  construed  as  being  absolute  evaluations  and 
used  out  of  context  for  other  purposes.  The  results  will,  however, 
serve  as  a guide  to  future,  more  detailed  assessments  o^  needs,  prob- 
lems and  solutions.  The  subbasin  assessments  provide  the  basic  com- 
nents,  or  "building  blocks,"  for  formulation  of  the  Ohio  River  Basin 
Framework  Plan  of  Development. 

The  determination  of  resource  availability,  development  needs,  and 
possible  problem  solutions  starts  in  the  headwater  areas.  Each  element 
must  be  considered,  in  turn,  from  the  source  to  the  Ohio  River  and, 
hence,  to  the  mouth  where  it  Joins  the  Mississippi  River.  Basin  develop- 
ment needs  and  resource  availability  have  been  summarized  in  Section  IV 
and  V of  this  appendix.  Details  relating  to  basic  water  and  land 
resources  elements  may  be  found  in  such  appendices  as  C,  Hydrology;  E, 
Ground  Water  Distribution  & Potential;  and  F,  Agriculture.  Needs  of  the 
basin's  growing  economy  which  serve  as  a base  for  determini  no  demands  of 
the  resources  may  be  found  In  the  °rojective  Economic  Study,  Appendix  B; 
and  other  pertinent  appendices  such  as  D,  Water  Supply  A Water  Quality; 

M,  Flood  Control;  and  L,  Navigation;  G,  Fish  and  Wildlife  Resources;  H, 
Outdoor  Recreation;  I,  Electric  Power;  and  J,  State  Laws,  Policies  and 
Programs.  Those  appendices  deal  with  the  assessment  of  individual  water 
uses,  solutions  to  problems  and  means  for  meeting  present  and  future 
requirement.  Evaluations  developed  in  the  appendices  and  carried  for- 
ward to  this  Appendix  K provide  the  basic  information  and  data  for  sub- 
basin framework  planning. 

For  each  subbasin,  the  appendices  were  studied,  data  transformed  to 
obtain  comparable  relationships,  combined  on  a subbasin  or  subarea  basis 
and  analyzed  in  various  ways  to  obtain  common  units  useful  for  plan  formu- 
lation studies.  The  major  problem  areas  in  each  subbasin  were  located  on 
a map  and  the  time  period  In  which  they  become  critical  designated. 
Existing  water  resource  developments  and  identified  potential  sites  were 
also  shown.  Schematic  diagrams  were  prepared  for  each  subbasin  together 
with  pertinent  data  for  each  time  period  to  reflect  the  relationship  of 
stream  systems  and  the  seauential  distribution  of  needs  for  control  of 
streamf lows. 

After  solutions  for  flood  control,  water  supply  regulrements  and 
water  quality  problems  were  defined  in  each  subbasin,  the  potential 
upstream  watershed  projects  and  major  multiple-purpose  storage  reservoir 
components  were  evaluated  for  their  potentiality  in  satisfying  recreation. 
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fishing  and  hunting,  or  other  needs.  Subbasin  demands  that  could  not 
be  met  (and  in  some  cases  surplus  resources  which  could  be  made 
available)  were  referred  for  basin-wide  analysis. 

Reaches  of  the  Ohio  River  and  Its  minor  tributaries  were  analyzed 
similarly  to  the  Individual  subbasins.  In  many  cases,  the  solution  of 
subbasin  problems  provided  the  reauired  control  of  streamflows  desired 
on  the  Ohio  Ri ver . 

The  overall  Ohio  River  Basin  framework  plan  was  then  formulated 
by  integrating  the  results  of  subbasin  and  Ohio  River  subarea  assess- 
ments and  supplemental  measures  into  a composite  to  provide  for  basin 
water  and  related  land  resource  development  needs.  The  initial  invest- 
ment costs  were  estimated  based  on  cost  relationships  developed  in  the 
various  appendices  and  other  available  aoency  data. 

The  methodology  procedures  are  briefly  summarized  as  follows: 

1.  The  basic  input  data  for  the  anaivsis  was  summarized  from  the 
various  appendices.  These  data  include  a base  year  amount  of  supply, 
use,  demand  of,  or  capability  of  providing  for  goods  and  services,  and 
projected  increase  in  demand  on  water  and  related  land  resources  and 
for  most  items  established  the  water  resource  development  and  related 
land  regu i rements. 

2.  The  available  resources  and  potential  developments  as  defined 
in  the  appendices  and  summarized  in  Appendix  K tables  were  evaluated 
as  to  their  capabilities  in  meeting  the  projected  increase  in  demand. 

A determination  was  then  made  as  to  the  portion  of  the  total  increase 
in  demand  that  logically  should  be  met  by  water  and  related  land 
resource  developments. 

3.  Reservoir  capacity  regui rements  were  established  by  considering 
ground  water  and  streamflow  for  water  supplies;  flow  supplementation 
needs  for  stream  Quality;  and  local  flood  protection  and  management 
technigues. 

4.  Multiple-purpose  storage  use  for  flood  control,  water  supply, 
low  flow  augmentation  for  stream  aualitv  control,  and  the  provision  of 
storage  and  reservoir  pools  to  serve  other  needs  were  then  established. 

5.  Flood  control  measures  reauired  in  addition  to  storaae,  navi- 
aation  facilities  and  hydroelectric  power  developments  as  developed  in 
other  appendices  were  then  accounted  for. 

6.  An  evaluation  was  made  of  outdoor  recreation  opportunities  and 
land  treatment  and  management  programs  directly  related  to  the  water 
resource  developments  established  for  streamflow  control  and  in-place 
use. 
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7.  Remaining  storage  requirements  In  addition  to  that  which  could 
be  provided  at  inventoried  sites  were  accounted  for  to  the  extent  that 
resources  indicated  such  development  would  be  the  most  practical  means 
of  serving  the  unsatisfied  demands  for  water  supply  and  streamflow 
control . 

Each  subbasin  text  discusses  the  planning  environment;  demand  for 
water  and  related  functions  services,  capability  of  going  orograms, 
resource  availability,  and  an  assessment  of  resource  development 
requirements.  The  mao,  analysis  schematic  and  the  four  tables  fol- 
lowing the  text  for  each  subbasin  are  explained  in  the  following 
paragraphs. 

Table  I for  each  subbasin  presents  a reference  base  year  amount  and 
the  projected  increases  in  the  demand  to  1980  and  2020  for  the  goods  and 
services  listed  In  the  first  column.  These  demands  are  given  in  the 
units  used  in  the  basic  inventory  in  the  other  appendices.  The  base  year 
amount  is  that  portion  estimated  to  have  been  utilized  in  the  base  year 
or  in  the  case  of  navigation  and  flood  damage  prevention  it  is  the  capa- 
bility of  the  completed  1965  goina  program.  The  base  year  varied 
depending  on  the  Information  available  to  the  agency  collecting  and  ana- 
lyzing the  basic  data  and  are  given  in  the  next  tabulation. 
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BASE  YEAR  REFERENCES  FOR 

ELEMENTS  OF  DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Water  Withdrawal  (Average  Daily) 


Munidoal  and  Industrial 

I960 

Electric  Power  Cooling 

1965  ' 

Rural  Osflimun i t i es 

I960 

Rural  Domestic  and  Livestock 

I960 

1 rr  i gat  I on 

I960 

Stream  Ass i mi  1 at  Ion  of 
Organic  Waste  Effluent 

(Average 
Dai ly) 

I960  Organic  wastes 

Flood  Damage  Prevention 

(Average 
Annua  1 ) 

Includes  damages  prevented  by 
projects  existing,  under  con- 
struction or  in  preconstruction 
planning  In  July  1965,  by 
upstream  watershed  projects 
authorized  as  of  July  1965 

Waterway  Freiaht  Movement 

(Annual ) 

Canability  of  projects  exist! no, 
under  construction  or  in  pre- 
construction plannina  as  of 
December  1965. 

Hydroelectric  Power  - 
Instal led  Caoaci ty 

1963  Capacity  existing  or  under 
construction 

Outdoor  Recreation 

(Annual ) 

I960 

Sport  Fishing 

(Annual ) 

I960 

Hunt! ng 

( Annua  1 ) 

I960 

Ckjmmercial  Fishing 

(Annual ) 

I960 

Land  Treatment  and  Management  (Land 

Area) 

1965  Land  in  authorized  watershed 
projects 

Drai nage 

(Land  Area) 

I960 

1 rrigation 

(Land  Area) 

I960 
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In  some  suSbasins  there  are  resources  available  oreater  than  the 
base  year  need.  The  base  year  amount  plus  projected  increases  equals 
the  gross  demand  with  the  exception  of  outdoor  recreation,  huntinn 
and  especially  fishing.  (See  Tables  II,  12  and  13,  Appendix  K) . 

The  map  presented  for  each  subbasin  shows  the  orinclpal  water  suooly, 
water  quality  and  major  urban  flood  problems  which  can  be  solved  by 
stream  flow  control  and  must  be  analvred  on  a subbasin  system  basis  since 
the  solution  may  have  an  effect  on  other  parts  of  the  basin's  water 
resources  development  problems  and  needs.  Small  water  supply  need  areas, 
water  quality  problems,  erosion,  environmental  considerations  and  so 
forth  are  not  shown  although  they  are  included  in  subbasin-wide  analysis. 
All  the  Federal  and  the  significant  sized  ncn-Federal  reservoirs  and  the 
upstream  watershed  project  areas  authorized  under  Puh I i c Law  566  as  of 
1965  in  the  going  program  are  shown.  Potential  reservoi rs  are  named  and 
upstream  watershed  projects  are  numbered.  Details  on  ooina  program  oro- 
jects  can  be  obtained  from  tables  15  to  21  and  for  potential  projects  on 
tables  24  and  28. 

The  analysis  schematic  shows  the  problem  areas  which  can  generally 
be  served  by  develop  I no  storage  upstream  of  their  locations.  Reservoirs 
and  upstream  watershed  nrojects  in  the  going  pronram  are  also  shown. 

The  following  tabulation  defines  various  aspects  of  the  qoing  pro- 
grams and  the  base  year  used  in  the  subbasin  analysis. 
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Reference  Oates  and  Status  of  Condltinn^ 


A,  STRfAMFLOW  CONTROL  AND  IN-STREAM  USE 

1.  Storage  for  Increasing  Flows  and  Furnishing 

Water  for  Withdrawal  and  Use 
Federal  Reservoirs 
Non-Federal  Reservoirs 
Uostrean  Watershed  Projects 

2.  Control  of  Flood  Flows 

a.  Storage 

Federal  Reservoirs 
Non-Federal  Reservoirs 
Up*itrea''>  Watershed  Projects 

b.  Local  Protection 
Federal 
Non-Federal 

Upstream  Watershed  Projects 

3.  Navigable  Waterways 

Federal 

Non-Federal 

U.  Hvdroe I ect r i c Power 

Federal  and  Non-Federal 


19*55  E.UC.AP^’ 

1965  Existing  . > 

1965  Authorized' 


1965  E.UC.AP 
1 965  Ex  I s 1 1 ng 
1 965  Authorized 


1965  E.UC.AP 
1 965  Existing 
1965  Authorized 


1965  E.UC.AP 
1 965  Existing 


1963  Existing  and  Under 
Construct  ion 


6.  RELATED  PROGRAMS 

I.  Outdoor  Recreation  - Recreational  Activity  at  I960  Inventory 

Federal  and  State  Areas,  exclusive  of  Monuments 
and  i^-*'"or  i a 1 s . and  Major  Local  Areas  Having 
over  50  Acres  of  Water. 


2. 

Sport  Fishing 

i960  Inventory 

3. 

Hunt  ing 

i960  Inventory 

U. 

Land  Treatment  and  Management  - (Upstream 
Watershed  Projects) 

1965  Authorized 

5. 

Irrigation  (Land  with  Economic  Potential) 

i960  Inventory 

6. 

Drainage  (Land  with  Economic  Potential) 

i960  Inventory 

(I) 


1965  reference  in  all  cases  indicates  status  as  of  July  1965.  except  navigable  waterways 
which  is  Decen'ber, 


(2) 


E - Existing 
UC  - Under  Construction 
AP  - Advanced  Planning  for  construction 


(3) 


Upstrear  watershed  projects  authorized  for  development. 
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Table  2 for  each  subbasin  lists  those  Items  most  significant  In  deter- 
mining the  storage  capacity  requirements.  Item  A develops  tne  supple- 
mented streamflow  required  In  addition  to  that  provided  by  the  going 
program. 

Item  B gives  background  data  used  to  determine  the  storage  for  water 
supply  requirements  and  to  make  up  consumptive  uses  where  these  become  a 
significant  factor  in  maintaining  sufficient  streamflow  to  satisfy  the 
needs.  Total  withdrawal  amounts  must  be  adjusted  to  determine  the  por- 
tion to  be  furnished  from  storage  by  subtracting  supplies  furnished 
from  ground  water  and  available  stream  flows.  The  mechanics  of  this 
operation  depend  on  the  location  of  storage,  need  areas,  return  flows 
and  joint  use,  therefore  requiring  a systems  operation  analysis.  Sche- 
matic Figure  2 was  used  as  an  aid  In  the  procedures  for  that  purpose. 

Item  C presents  a summary  of  magnitude  of  the  remaining  flood 
damages.  Flood  damages  In  upstream  areas  are  generally  rural  and  wide- 
spread. Damages  in  major  urban  areas  are  concentrated  along  a relatively 
short  reach  of  the  streams.  Other  flood  plain  damage  areas  Include 
transportation  routes,  and  widely  dispersed  Industrial,  residential, 
agricultural  and  other  developed  areas. 

Table  3 for  each  subbasin  gives  the  accounting  of  the  storage  capa- 
city for  streamflow  control  as  required  and  determined  to  be  a part  of 
the  framework  plan. 

Item  A gives  the  storage  required  In  addition  to  that  In  the  going 
program  to  provide  the  desired  dissolved  oxygen  In  the  stream.  Storage 
provided  in  Identified  potential  sites  is  that  amount  considered  feasible 
of  development  In  reservoir  sites  which  have  been  studied  In  some  detail 
by  the  Corps  of  Engineers  or  state  agencies  and  in  the  potential  upstream 
watershed  program  defined  by  the  Department  of  Agriculture  In  Appendix  F. 
Tables  24  and  25  of  Appendix  K presents  the  Information  for  potential 
reservoir  sites  and  potentially  feasible  watershed  projects,  it  is  to 
be  noted  that  the  amount  of  total  capacity  of  storage  at  a site  can 
not  always  be  feasibly  developed  and  the  plan  may  include  less  than 
the  total.  The  additional  storage  required  Is  the  remaining  amount 
needed  to  satisfy  the  plan,  it  is  considered  available  based  on  a 
general  knowledge  of  the  topography  and  runoff  characteristics  of 
the  area  but  more  studies  are  required  to  determine  specific  potential 
reservoir  sites. 

Item  B gives  the  storage  required  to  satisfy  the  withdrawal  needs 
after  available  ground  water  and  supplemented  streamflow  for  water 
quality  control  has  been  considered  as  a source.  The  identified  amount 
can  be  obtained  by  subtracting  from  Item  D.2  the  Items  A. 2 and  C.2. 

Item  C gives  the  storage  required  for  flood  control  In  the  subbasin 
and  also  the  additional  amount  that  appears  to  be  the  most  appropriate 
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share  for  controlling  large  floods  on  the  Ohio  River.  There  may  be 
alternatives  in  other  subbasins  that  could  serve  these  needs.  The 
storage  provided  In  the  Identified  potential  sites  for  flood  control 
has  a similar  definition  as  that  previously  given  in  the  discussion  on 
Item  A.  Storage  sites  which  would  probably  be  constructed  with  ungated 
flood  detention  storage  are  not  considered  effective  in  controlling 
Ohio  River  floods  and  are  included  in  item  C.2a  for  solving  localized 
problems. 

The  additional  storage  required  is  the  amount  needed  but  for  which 
detailed  studies  are  required  to  define  the  sites  for  the  storage 
structures.  Detailed  studies  will  also  result  in  exchanges  of  storage 
requirements  allocated  to  the  various  purposes  between  Identified  sites. 

I tern  D gives  the  total  storage  capacity  required  to  fulfill  the 
needs  of  the  framework  plan,  the  amount  which  Is  in  the  Identified 
available  potential  sites  that  were  Inventoried,  the  amount  in  joint 
use  storage  of  those  sites  to  satisfy  both  flood  control  and  low  flow 
needs  and  the  remaining  amount  required  by  finding  additional  new 
reservoir  storage  sites.  The  total  amount  of  new  storage  required  by 
the  plan  is  Item  D. I minus  the  joint  use  storage. 

Because  of  the  generalized  nature  of  determining  large  area  net 
demands  for  water  supply  and  water  quality,  and  the  analysis  procedures 
used,  the  shares  of  low  flow  storage  requirements  Indicated  may  vary 
from  that  allocated  to  the  purposes  in  detailed  planning.  Since  the 
storages  given  in  the  plan  may  serve  multiple  uses,  the  reduction  In 
storage  for  one  function  may  create  an  additional  need  for  water  to 
provide  for  the  others.  The  amounts  of  additional  storage  required  at 
unidentified  sites  does  not  consider  joint  use  possibilities. 

Table  4 for  each  subbasin  is  the  summary  assessment  of  total 
resource  development  requirements.  Park  I Is  the  amount  which  has 
been  clearly  defined  as  a part  of  the  framework  plan  of  development 
in  that  subbasin.  Part  2 Is  the  remaining  requirements  for  which 
there  may  be  exchanges  from  one  basin  to  another  as  the  plan  Is 
implemented.  It  also  includes  (a)  storage  likely  to  be  developed  for 
streamflow  control  at  unidentified  sites,  (b)  remaining  requirements 
could  be  served  at  least  in  part  by  (a)  above,  and  (c)  those  portions 
not  specifically  defined  as  being  water  resources  projects  and  related 
land  development  items. 

Hydroelectric  power  sites  identified  in  the  subbasin  are  assumed 
to  be  utilized  In  the  plan  by  1980.  The  remaining  demand  for  hydro- 
electric power  to  2020  was  assessed  on  an  Ohio  Basin-wide  basis. 
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Conmercial  fishing  was  also  assessed  on  a basln-wlde  basis  since 
locations  of  development  had  not  been  defined.  There  are  no  specific 
water  resource  development  needs  for  commercial  fishing  In  addition  to 
water  quality  provisions  of  the  program  and  improved  management. 
Research  Is  needed  on  habitat,  cultivation  of  species  and  techniques 
of  harvesting,  processing  and  marketing.  A portion  of  the  remaining 
outdoor  recreation  assessed  in  Part  II  can  undoubtedly  be  provided  at 
water  resources  projects  but  a large  part  of  this  may  require  single 
purpose  water  resource  development  or  alternative  means.  Sport 
fishing  and  hunting  has  not  been  specifically  defined  as  to  where  it 
will  be  satisfied  but  a portion  of  this  can  be  provided  at  water 
resource  projects  and  on  the  related  lands. 

The  land  treatment  and  management  outside  watershed  projects, 
preparing  land  for  Irrigation  and  Installation  of  drain  tile  has  not 
been  defined  as  to  where  this  might  be  implemented.  The  amounts  in  the 
assessment  are  taken  from  Appendix  F,  Agriculture.  Detailed  studies 
are  required  to  define  what  parts  of  these  are  water  resources  project 
related  lands.  Costs  for  conservation  pool  storage,  sediment  control 
and  contiguous  project  lands  for  outdoor  recreation  and  fish  and  wild- 
life are  included  In  Part  I of  the  water  resource  development  program. 
Part  I includes  all  aspects  of  the  potential  upstream  watershed 
projects. 
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The  Ohio  River  Basin  Comprehensive  Framework  Development  Program 
formulated  for  the  entire  basin  In  Appendix  K , Is  based  on  a summation 
of  the  subbasin  analysis  and  accounting  presented  In  Attachment  A. 

The  following  summary  tables  are  similar  to  the  Individual  subbasin 
tables  1,3  and  4.  Table  2 for  the  subbasins  Is  composed  of  details  for 
subbasin  analysis  and  not  of  the  nature  susceptible  to  summarizing. 

Summary  Table  I gives  the  Ohio  Basin  base  year  summation  of  goods 
and  services  and  the  projected  Increases  remaining  to  be  satisfied  by 
1980  and  2020.  Flood  damage  prevention,  waterway  freight  movement  and 
land  treatment  and  management  are  based  on  1965  programs.  In  other 
Instances  where  some  other  base  year  program  capability  or  use  served 
as  a base  for  subbasin  analysis,  the  summation  of  the  Increased  demand 
over  the  going  program  differs  from  the  net  needs  beyond  the  1965  pro- 
gram capabilities  presented  In  the  main  body  of  Appendix  K.  The  most 
notable  items  are  In  the  net  needs  both  In  the  data  in  other  appen- 
dices and  the  tables  herein  as  compared  to  data  In  Sections  IV,  V and 
VI  of  this  Appendix  and  in  the  Main  Report. 

Summary  Table  2 is  the  accounting  for  the  storage  needs  of  the 
Ohio  Basin.  The  format  is  the  same  as  on  the  subbasIn  table  3. 

Since  1965  going  program  resource  capabilities  were  used  as  a base, 
this  table  agrees  with  the  program  summary  table  in  the  main  body  of 
Appendix  K. 

Table  3 is  a summation  of  the  additional  requirements  above  that 
provided  by  the  going  program  and  have  been  compiled  from  the 
data  in  table  4 of  the  subbasins.  For  storage,  navigable  waterways, 
hydropower,  outdoor  recreation  and  watershed  project  land  treatment 
and  management  the  figures  are  based  on  the  1965  going  program.  Part 
2 remaining  requirements  presents  inventory  data  from  other  appendices 
using  various  base  year  references  in  lieu  of  1965  going  program 
capabilities  and  consequently  differs  in  the  same  manner  as  summary 
table  I from  the  material  presented  in  the  main  body  of  Appendix  K 
and  the  Main  Report. 
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table  1 


Sl>WATION  OF  SUBBASIN  COMPONENTS 
OHIO  RIVER  BASIN 

DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year  Projected  Increase^*^ 

Unit  Amount  1980  2020 


Water  Wi thdrawa I 


Municipal  and  Industrial 

Million  Gallons  Per  Day 

10,728.0 

3,306.3 

,7. 528. 9 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

19.200 

9,800 

43.800 

Minerals  and  Mining 

Million  Gallons  Per  Day 

290 

221 

, ,604 

Rural  Corirunities 

Million  Gallons  Per  Day 

558.0 

115.2 

376  4 

Rural  Don^estic  and  Livestock 

Million  Gallons  Per  Day 

159.16 

9.17 

,34.64 

(21 

1 rr i gat  1 on  ' ' 

Million  Gallons  Per  Day 

27.2 

74.4 

654 . 6 

Streap’  Assimilation  of 
Organic  Waste  Effluent'^' 

1 .000  Popul at i on 
Equ i va 1 en  ts 

4,141  .4 

1 ,887.3 

9,264.4 

Flood  Danaqe  P revent i on 

Million  Dollar®  Annual Iv 

239.37 

144.32 

295.65 

Waterway  FreigHt  Mover-ent^^^ 

Mill  ion  Ton-Mi les 
Annua  1 1 y 

42,620 

9,820 

,05.570 

Hydroelectric  Power  - 
Inslal led  Capaci ty 

Megawatts 

1.503.1 

7,200 

40.000 

1 

Outdoor  Recreation 

Million  Recreation  Days 

58.3 

332.3 

97,  .3 

1 

Sport  Fishing 

Million  Angler  Days 

21  .76 

3.12(6) 

,4.85(6) 

, 

Hunt ' ng 

Million  Hunter  Days 

21.66 

3.4, (6) 

6.49*^' 

1 

1 

Comr'erc'al  Fishing 

Mill  Ion  Pounds 

2.5 

1 1.7 

25.0 

Land  Treati-ent  and  Management 

1 .000  Acres 

3,443 

18,370 

51,032 

Drai nage 

1 ,000  Acres 

n ,035 

4,3,3 

5.582 

Irr'gatfon  (Land  Area) 

1 ,000  Acres 

50.0 

,65.0 

, ,369.3 

NOTES:  (1)  Base  year  amounts 

plus  projected  increase  equals  gross  demands. 

(2)  Withdrawal  shown 

is  for  average  year;  drought  year  may  be 

'tS 

percent  higher. 

(3)  Residual  biochemi 

cal  oxygen  demand  after  8$  percent  waste 

removal  by  treatment. 

(4)  The  dollar  amounts  (19B0  and  2020)  are  indices  to  the 
required  to  reduce  the  potential  damaging  effects  of 

magnitude  of  the  problem  and  the  protection 
f loods . 

measures 

(S)  An  index  to  the  canalization  and  waterway  facilities 

regu 

red 

to  accommodate  the 

transport  of  waterborne 

f re i qht  . 


(6)  Net  requi  re'nent  s . 


table  2 


SUMMATION  OF  SUBBASIN  COMPONENTS 
OHIO  RIVER  BASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


Tirne  Period 


1980 

2020 

Storage 

(1 ,000  Ac  Ft) 

A. 

WATER  QUALITY  CONTROL 

1 . 

Storage  requi rcd^ ' ^ 

'♦,471  .2 

9.396.5 

2. 

Storage  provided  in  identified  potential  sites 

1 .410.4 

4.063.4 

3. 

Additional  storage  required 

3.060.8 

5,333.1 

8. 

WATER  WITHDRAWALS 

1 . 

Storage  required 

2,264.4 

9.957.1 

C. 

FLOOD  CONTROL 

1 . 

Subbasin  and  Ohio  River  control  requirement 

9,988.9 

33.368.4 

2. 

Storage  provided  in  Identified  potential  sites 

6,338.6 

18,768.4 

a.  for  solving  localized  problems 

b.  effective  In  controlling  both  subbasin  and  Ohio 

River  flows 

(1 .342.1) 
(4.996.5) 

(3.491.7) 
(b. 276.  7) 

3. 

(2) 

Additional  storage  required' 

3.650.3 

14,600.0 

D, 

TOTAL  STORAGE  REQUIREMENT 

1 . 

Water  quality  control,  water  withdrawals,  and  flood 

control 

16,724.5 

52,722.0 

2. 

Available  in  identified  potential  sltes^^^ 

8,798.7 

24,885.6 

3. 

Joint  use  storage 

935.1 

3.244.0 

4. 

Additional  storage  requlred^^^ 

6,990.7 

24.592.4 

NOTES:  (1)  Storage  capacity  to  provide  supple^nental  flows  when  required. 

(2)  Remaining  storage  required  to  reduce  the  Ohio  River  Standard  Project  flood  to  the  maximum  flood  stage 
of  record. 

(3)  See  figure  I of  each  subbasin. 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 


I 
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SUMMATION  OF  SU6BASIN  COMPONENTS 
OHIO  ftIVEP  BASIN 

SU>WARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


m E>««r«nts  Unit 


PART  I.  TO  BE  FURNISHED  BY  lOENTIFlEO  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 

A,  Sireamflow  Control  Rod  In-Sireaf"  Use 

1 . 5 tor age  For  | nc  reas i ng  F I and  I , 000  Ac  F I 

FurnIsMng  water  for  Withdrawal  and  Use 

2.  Control  of  Flood  Flows 

a,  reservoir  and  detention  storage  1.000  Ac  Ft 

b,  local  protection  projects  Miles 

c,  channel  inprovement  Miles 

3.  Navigable  Waterway 

a.  improvenient  to  existing  waterway  Miles  of  Channel 

b.  new  waterway  Miles  of  Channel 

c.  channel  deepening  to  12  feet  Miles  of  Channel 

U.  Hydroelectric  Power  - Megawatts 

Instal led  Capac ity 

B.  Related  Progra*ns 

I.  Outdoor  Recreai ion^^^ Ml lllon  Recreai i on 


PART  2.  REMAINING  REQUIREMENTS. 

A.  Streanflow  Control  and  In-Stream  Use^^^ 

1.  Storage  for  increasing  Flows  and 
furnishing  water  for  Withdrawal  and  Use 

2.  Storage  for  control  of  Flood  Flows 

3.  Hydroelectric  Power 

B.  Related  Programs 

1.  Oulrirwr  Rec reat ion^^^ 

2 . Fish  and  wi  I ill  ' 'c 

..  sport  f 

b.  hunt Ingf^^ 

c.  commercial  fishery 

(.  l.md  Treatment  and  Management 

t.  Lands  Outside  Watershed  Projects 
2.  trrigailon  (Acres  lobe  Irrigated) 


Provided  I 
Going  Pro 


Capital  Cost 
Amount  (SI .000) 


urement^  ' 

2020  (Accmmlativei  ~ 
Capital  Cost 
Amount (S I .000) 


1 ,000  Ac  Ft 

7.113.6 

2.A60.1 

5U6.AOO 

6.117.2 

1 .412,300 

1 .000  Ac  Ft  1 

17. 268. S 

6,338.6 

1,579.300 

18. 768. u 

4.775.400 

Ml  1 e s 

578.7 

152.0 

150. LOO 

488.2 

341 ,900 

Ml  les 

%l 

2.39A 

92,600 

6.233 

242 .600 

Miles  of  Channel 

2.217 

1 .203 

L5L.OOO 

1 .LAS 

539.000 

Ml les  of  Channel 

- 

170 

IL.OOO 

hQJ 

1 .144.000 

Mi  les  of  Channel 

- 

' 

1 .558 

123. OOC 

Me  gawa  1 1 s 

1.503.1 

7.200 

8)0.200 

(Asse'-.  ied 

on  4 

Basin-wloe 

Bas.s] 

Million  Recreat  i on 

58.3 

97.7 

3L2.200 

302.8 

1 .050.000 

Days 

1 .000  Acres 

3.W*3 

8,266.7 

208.200 

21.167.1 

•:3o.8C'- 

COSTS  • PART 

1 

L. 197. 300 

10.159.000 

1,000  Ac  Ft 

- 

3,3'*O.L 

851.700 

9.992.4 

2.5a8.:00 

1 .000  Ac  Ft 

- 

3.650.3 

930, 60C 

14.600.0 

3.723.IOL 

(Assessed  on  a 

Basin-widc  Basis) 

Million  Recreat ion 

2i4l  .0 

833.500 

669.0 

2.321 .aOO 

Days 

Million  Angler  Days 

21.76 

3.50 

12.500 

15.07 

53.000 

Mi  1 1 ion  Hunter  Days 

21.66 

3.A9 

12.200 

6.  50 

23.COC 

(Assessed  on  a 

Basln-wioe  Basis) 

1 .000  Acres 

. 

10.102.6 

252.600 

29.8bA. ( 

•-6.60C 

' , 000  Acres 

50.0 

165.0 

15.300 

1 .364.8 

I2T.202 

1 .000  Acres 

11.035 

i<.2l2.9 

567.200 

5.085.2 

bBt.tb' 

COSTS  - PART 

2 

3.U7A.600 

10. 228. ROC 

TOTAL  COSTS  • (PARTS  1 AND 

2) 

7.672.«l00 

20  3P**.<»00 

,-f  . f|'  'euuire  vni  In  addition  to  that  provided  by  going  development  programs. 

m -„sf.  h.»,r  ...  tor  f.ciliti.s  .nd  such  he.sur.s  .s  say  6.  r.uulr.p  to  impl.-.nt  th.  propra-.  dir.u  -at.,  asp  r.Ut.d  last!  ..s,  ...  P..t  ll 

or  v/r>uld  tv  (Part  2)  covered  In  the  costs  of  devel opi-«ol5  supporting  the  activity. 


ft;  The  nunher  of  nulfinor  recreation  days  shown  include  some  sport 


fishing  and  hunting  which  couid  not  be  separately  .ucounied  'or  available 


'.I  land  are.i  and  cost-,  shown  are  for  total  I and  treatment  and  manage' 
m hr  r I «n<l‘. . 


'•ent  reouirr-’ents  in  watershed  projects  and  cove'  hr-tf-  w.»eer  related  an<j 
^ri.  noi  idrnllfird.  however,  terrain  indicates  t.woraMe  -Itt  .'te 


. Vw-IIU  l.ev  provi'.c  -torage  capacity  for  streamflow  control  are  not  identified,  heswever . terrain  indicates  t.woraMe  -ttt-  -ue 
pcitrnl  l.tl  1 y .iv  ■ i • iti  In  . * 

■M  B.cauv  PI  pppul.ilpn  a.P  r.spu.ce  P I s t . I bu.  ions  , r.-alnln,  subbasin  cpulc^MS  IP.  outPo.r  “'"'"P 

ali.fi.a  by  -.1..  C.sou.c.  P.y.lobo.bls  oay  r.pulr.  a traP.  Oft  -itb  aPjaent  subbasins  or  sails'. .P  by  ofb.r  s..,-. 
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ALLEGHENY 


1.  Planning  Environment.  - The  Allegheny  River  drainage,  together 
with  that  of  the  Monongahela  River,  comprises  the  headwaters  of  the  Ohio 
River.  The  Allegheny  subbasin  occupies  approximately  11,700  square 
miles,  or  7 percent,  of  the  Ohio  Basin  study  area  and  contributes  60 
percent  of  the  Ohio  River  flow  at  Pittsburgh.  It  extends  farthest  north 
and  east  of  the  Ohio  River  tributary  basins  and,  except  for  a small  por- 
tion in  southwestern  New  York,  lies  entirely  within  the  western  portion 
of  Pennsylvania.  Much  of  the  upland  area  is  rugged,  heavily  forested, 
and  access  roads  are  limited. 

The  subbasin's  growing  season  is  the  shortest  and  snowfalls  are  the 
heaviest  in  the  Ohio  Basin.  Although  the  average  precipitation  is  less 
than  that  for  the  Ohio  Basin,  runoff  from  the  Allegheny  drainage  is  the 
highest  of  all  the  subbasins  and  contributes  considerably  to  flood  pro- 
blems at  Pittsburgh  and  along  the  Ohio  River.  In  contrast,  low-yield 
years  and  seasonal  deficiencies  in  runoff  result  in  droughts,  shortage 
of  water  supplies,  and  other  problems  created  by  the  lack  of  water. 

Early  pioneers  migrating  into  the  basin  from  the  east  found  the  area 
abounding  with  wildlife  and  other  assets  of  nature.  This  prompted  many 
to  settle  in  the  uplands,  and  a number  of  the  small  communities  that  were 
formed  are  still  in  existence.  The  majority  of  the  population,  however, 
is  located  in  and  near  the  metropolitan  areas  of  Johnstown  and  Pittsburgh 
and  other  major  population  and  industrial  concentrations  that  have 
developed  in  the  region. 

The  Allegheny  subbasin,  excluding  the  metropolitan  area  of  Pittsburgh, 
has  6 percent  of  the  population  in  the  Ohio  Basin  study  area,  5 percent  of 
the  employment,  and  accounts  for  over  11  percent  of  the  industrial  output. 
Mining  was  for  many  years  an  activity  of  major  employment;  but  because  of 
mechan izat ion , that  industry  now  employs  only  10  percent  of  the  labor 
force.  Due  to  a shift  in  national  markets,  the  Allegheny  subbasin  primary 
metals  industry's  share  of  employment  also  is  expected  to  decline.  Most 
employment  is  in  manufacturing,  trades,  and  services,  and  the  work  force 
here  is  expected  to  more  than  double  by  2020.  Today,  steel  mills,  metal 
fabricating  plants,  and  manufacturers  of  machinery  and  motor  vehicles 
employ  the  largest  share  of  industrial  labor.  The  trend  toward 
industrialization  is  continuing  rapidly,  and  by  1980,  over  half  the  people 
in  the  subbasin  are  expected  to  live  in  industrialized  urban  areas. 

2.  Demand  for  Water  and  Re  I a ted  Funct i ons  and  Se  rv i ces . - More 
intense  use,  additional  development,  and  more  efficient  management  of 
water  and  related  land  resources,  along  with  diligent  prosecution  of 
other  programs  allied  to  water  and  land  use,  will  be  required  to  keep 
pace  with  projected  demands  for  water  and  related  functions  and  services 

in  the  Allegheny  subbasin.  Base  year  and  projected  increases  that  comprise 
gross  demands  for  water  ano  related  functions  and  services  are  listed  in 
table  AL-1 . Table  AL-2  provides  principal  considerations  in  determining 
storage  capacity  requirements  for  control  of  streamflow. 
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There  are  critical  flood  problems  within  the  basin.  Continuing 
development  in  the  flood  plains,  combined  with  excess  flows  from  the 
Monongahela  and  Allegheny  Rivers,  creates  a particularly  serious  flood 
problem  at  Pittsburgh  - where  damages  average  a million  dollars  per  year 
and  contributes  to  problems  farther  down  on  the  Ohio  River.  The  concen- 
tration of  industrial,  commercial,  and  transportation  activities  at 
Pittsburgh  creates  large  demands  for  water  of  satisfactory  quality. 
Although  a considerable  portion  of  the  Pittsburgh  area  water  resource 
demands  and  problem  solutions  are  in  the  Allegheny  subbasin,  the 
Pittsburgh  area  is  included  in  the  report  in  the  upper  Ohio  River. 

In  some  areas,  mine  drainage  combines  with  organic  wastes  to  pro- 
duce unique  and  serious  water  quality  problems.  Mine  drainage  problems, 
primarily  along  the  eastern  tributaries  of  the  Allegheny  River,  are  some 
of  the  most  critical  in  the  Ohio  Basin.  Low  flow  supplementation  for 
water  quality  control  is  needed  especially  in  upstream  watershed  and 
small  tributary  areas. 

A deficiency  in  opportunities  for  outdoor  recreation,  fishing,  and 
hunting  exists  in  the  subbasin,  particularly  in  and  near  the  Pittsburgh 
and  Johnstown  metropolitan  areas. 

In  order  to  reduce  sediment  loads  in  streams  and  impounded  waters, 

' further  efforts  are  needed  to  reclaim  strip  mine  areas  and  to  control 

1 erosion  on  agricultural  land  by  conservation,  treatment,  and  management 

measures . 


a.  Goinq  Program  Accomplishments.  - Federal,  State  and  local 
interests  have  endeavored  to  keep  pace  with  development  required  to  solve 
critical  problems  and  provide  for  most  urgent  needs.  Efforts  have  been 
underway  for  some  time  to  solve  mine  drainage  problems,  reduce  erosion, 
prevent  flooding,  improve  water  quality,  and  also  provide  for  outdoor 
recreation,  sport  fishing,  hunting,  and  other  demands.  Programs  for  land 
management  and  fish  and  wildlife  preservation  have  been  in  effect  for 
years.  Timber  and  crop  production  methods  are  continually  being  improved; 
these,  besides  increasing  land  productivity,  enhance  conditions  for 
retardation  of  runoff. 


Water  resource  developments  existent  in  1965  and  those  to  be  com- 
pleted in  going  programs  include  10  Federal  reservoirs,  14  major  local 
protection  projects,  totaling  55  miles  in  length,  four  authorized  upstream 


watershed  projects,  as  well  as  several  smaller  flood  control  projects 
under  jurisdiction  of  local  entities.  The  10  Federal  reservoirs,  situated 
to  control  about  45  percent  of  the  drainage  area,  were  completed,  under 
construction  or  in  advanced  planning  as  of  July  1965.  (One  is  Allegheny 
Reservoir,  the  fifth  largest  lake  in  the  Ohio  Basin.)  When  all  are  com- 
plete, they  will  provide  a total  of  1,712,800  acre-feet  of  storage 
capacity  for  flood  control,  260,900  acre-feet  of  storage  for  low  flow 
supplementation,  and  356,300  acre-feet  of  joint-use  space  for  flood  con- 
trol in  the  winter  and  for  other  purposes  in  the  summer.  The  four  water- 
shed projects  cover  492  square  miles  and  include  27  detention  structures 
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with  26,300  acre-feet  of  flood  storage  capacity  and  27,100  acre-feet  for 
other  purposes,  as  well  as  31  miles  of  channel  through  agricultural  land 
in  the  flood  plain.  The  foregoing  projects  would  prevent  average  annual 
damages  of  $23  million  under  1965  conditions  of  development. 

Sufficient  water  generally  has  been  available  to  meet  demand;  but  by 
1980,  shortages  are  expected  to  arise  in  meeting  the  withdrawal  demand  of 
3.3  billion  gallons  per  day,  particularly  in  upstream  reaches  of  the 
tributaries.  There  are  several  impoundments  for  local  water  supply,  but 
flowing  streams  have  been  the  major  source  for  municipal  and  industrial 
water.  Only  15  percent  of  the  water  demand  for  municipal  use  is  being 
obtained  from  ground  water  sources.  Except  at  Blairsville,  Pa.,  indus- 
trial and  municipal  water  demands  usually  have  been  satisfied.  Water 
demand  by  rural  communities  and  that  for  domestic,  livestock,  and  irri- 
gation use  on  farms  have  been  met  except  during  periods  of  prolonged 
droughts . 

The  existing  system  of  eight  locks  and  dams,  completed  in  1938, 
provides  slack  water  navigation  on  the  Allegheny  River  for  72  miles 
between  Pittsburgh  and  East  Brady,  Pa.  Waterborne  freight  traffic  was 
63  million  ton-miles  in  1965.  The  waterway  has  a physical,  practical 
capacity  to  accommodate  about  90  million  ton-miles  of  transport  annually. 
This  appears  to  be  adequate  until  after  1980. 

The  basin  is  rugged,  and  hydroelectric  power  sites  are  available; 
however,  as  of  1965,  only  one  hydroelectric  plant,  privately  owned,  of 
28,800  kilowatts  had  been  developed  and  produced  but  2 percent  of  the 
subbasin's  power  generation.  A pumped-s torage  hydroelectric  facility 
with  a capacity  of  325,000  kilowatts  is  licensed  for  construction  at 
Kinzua  Dam  (Allegheny  Reservoir)  by  privately  owned  utilities. 

The  Allegheny  subbasin  has  a number  of  State  and  local  parks  and 
many  areas  of  scenic  beauty.  In  I960,  water  related  outdoor  recreational 
activity  reached  9 million  recreat ion -days . In  addition  sport  fishing 
and  hunting  came  to  1.8  million  angler  days  and  4.2  million  hunter  days, 
respect ively. 

b.  Future  Demand.  - Municipal  and  industrial  water  withdrawals 
are  expected  to  nearly  triple  by  2020,  increasing  from  about  493  million 
gallons  per  day  in  I960  to  1,345  m.g.d.  Withdrawals  to  satisfy  electric 
power  cooling  requirements  are  projected  to  increase  eightfold  by  2020  to 
an  average  of  8.3  billion  gallons  per  day.  Demand  for  water  in  rural 
areas  was  about  50  m.g.d.  as  inventoried  in  I960;  by  2020  demand  is  pro- 
jected to  be  about  73  m.g.d. 

By  the  year  2020,  waste  loads  in  rivers  are  projected  to  increase 
2.7  times  the  I960  average,  and  to  absorb  them  without  degrading  water 
quality  beyond  acceptable  limits,  greater  streamflows  will  be  required. 

Completion  of  the  going  program  for  flood  control  would  prevent  about 
90  percent  of  the  potential  average  annual  damages  from  flood  flows  with 
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1965  level  of  flood  plain  development.  Residual  average  annual  damages 
under  these  conditions  would  be  about  $2.7  million.  Potential  flood 
damages  are  estimated  to  be  3 times  this  amount  by  2020  with  projected 
conditions  of  flood  plain  development  unless  additional  protection  works 
and  management  actions  are  undertaken  for  their  prevention. 

Deepening  and  modernizing  the  navigable  waterway  will  be  required 
to  keep  pace  with  demands  for  waterborne  freight  traffic,  which  is  pro- 
jected to  increase  by  2020  to  130  million  ton-miles  or  40  million 
ton-miles  beyond  the  apparent  capability  of  the  existing  system. 

Additional  electric  power  generation  will  be  required  to  support 
industrial  expansion  and  the  general  growth  of  the  economy.  Hydroelectric 
power  development  at  water  control  reservoirs  and  feasible  pumped-storage 
sites  can  provide  peaking  capacity  for  use  in  conjunction  with  thermal  or 
nuclear  baseload  plants.  By  2020,  it  is  estimated  that  hydroelectric 
power  plants  could  be  efficiently  utilized  to  provide  about  10  percent  of 
the  total  capacity  requirements  in  the  Ohio  Basin. 

Land  area  requiring  treatment  and  proper  management  for  efficient 
use  is  projected  to  increase  to  nearly  4 million  acres  by  2020.  Sixty 
thousand  acres  of  strip-mined  land  are  in  need  of  rehabilitation.  By 
2020,  the  irrigated  land  area  is  projected  to  increase  from  500  to  4,500 
acres,  whereas  land  that  may  be  economically  drained  may  reach  a total 
of  143,000  acres. 

3.  Resource  Ava i I ab i 1 i ty . - The  water  resource  development  poten- 
tial of  the  Allegheny  subbasin  is  one  of  the  best  in  the  Ohio  Basin. 
Surface  runoff  is  high  and  reservoir  sites  are  plentiful.  Ground  water 
is  generally  available,  and  yield  is  moderate  to  good  in  most  areas. 

Water  quality  in  the  upper  part  of  the  basin  is  generally  good,  but  coal 
mining  activity  near  the  lower  tributaries  has  polluted  many  streams. 

The  rugged  topography  and  lack  of  major  urban  or  industrial  develop- 
ments in  many  tributary  valleys  provide  favorable  opportunities  to  develop 
reservoirs  for  stream  regulation.  Seven  potential  reservoirs  have  been 
investigated  in  some  detail  and  are  considered  feasible.  They  could  pro- 
vide about  1.1  million  acre-feet  of  storage  that  would  control  nearly 
1,600  square  miles  of  drainage  area.  There  are  19  potentially  feasible 
watershed  projects  containing  sites  for  112  water  detention  structures 
having  about  0.5  million  acre-feet  of  reservoir  space  which  would  pro- 
vide control  of  885  square  miles  of  upstream  watershed  area.  Potential 
reservoirs  and  watershed  projects  along  with  those  in  the  going  program 
are  shown  on  the  subbasin  map,  figure  AL-1 . An  accounting  of  storage 
capacity  for  streamflow  control  is  given  in  table  AL-3. 

Availability  of  considerable  runoff  and  storage  sites  in  the 
Allegheny  subbasin  makes  it  a key  area  for  control  of  flow  on  the  Ohio 
River.  Also  resource  development  will  provide  opportunities  for  the 
satisfaction  of  demands  for  outdoor  recreation.  Considering  the 
proximity  of  scenic  and  wooded  areas  to  large  metropolitan  centers. 
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tourist  recreation  activity  can  be  expected  to  rise  in  importance  if 
access  to  attractive  locations  is  improved.  Transportation  routes  are 
generally  east-west  oriented,  and  roads  into  more  remote  areas  are 
1 im i ted. 

There  is  a substantial  potential  for  ground  water  development  from 
the  glacial  sands  and  gravels  in  the  northwestern  part  of  the  subbasin. 
Bedrock  aquifers  in  the  subbasin  generally  yield  moderate  to  large 
supplies.  Some  high-chloride  waters  are  present  at  relatively  shallow 
depths  in  some  locations  and  some  contaminat ion  has  occurred  in  oil- 
producing  areas. 

The  hydroelectric  power  potential  of  the  Allegheny  subbasin  has  not 
been  fully  investigated;  therefore,  the  amount  of  feasible  hydroelectric 
power  capacity  is  largely  unknown.  However,  the  terrain  indicates  this 
may  be  substantial,  particularly  for  high-head  pumped  storage  power  pro- 
jects, a few  of  which  could  utilize  the  reservoirs  of  projects  for  other 
purposes  as  upper  or  lower  pools.  In  addition  to  the  Kinzua  pumped- 
storage  facility,  which  utilizes  Allegheny  Reservoir,  there  are  two 
identified  locations  on  the  Clarion  River  where  hydroelectric  plants 
are  potentially  feasible. 

4.  Assessmen t of  Resou rce  Deve I opmen t Regu i remen ts . - Results  of 
the  subbasin  assessment  to  determine  the  magnitude  and  costs  of  resource 
development  required  to  satisfy  projected  demands  for  water  and  related 
functions  and  services  are  summarized  in  table  AL-4. 

Principal  water  supply,  water  quality  and  flood  problem  areas, 
together  with  reservoirs  and  upstream  watershed  projects  in  the  going 
program  of  development,  and  those  identified  as  potential  future  projects, 
are  shown  on  the  subbasin  map,  figure  AL-1 . Summary  data  for  projects  in 
the  going  program  are  given  in  Appendix  K,  table  15  through  21,  and  for 
identified  potential  projects  in  tables  24  through  28.  The  relationship 
of  problem  areas  and  projects  in  the  going  program  is  shown  schematically 
in  figure  AL-2,_and  key  data  relating  to  problem  areas  are  given  in 
table  AL-2.  The  schematic  diagram  was  used  for  general  orientation  in 
analyzing  problems  and  needs  and  establishing  development  requirements 
for  streamflow  control . 

a . Requ i remen  ts  To  Be  Fu  rn i shed  by  I dent i f ied  Resou  rce 
Potential . - Analysis  of  demands  for  water  and  related  functions  and 
services  and  of  the  means  whereby  these  demands  can  be  satisfied  indi- 
cates that  to  solve  water  supply,  water  quality,  and  flood  problems, 
development  of  additional  storage  capacity  for  streamflow  control  will 
be  required;  also,  further  local  protection  projects  and  channel  improve- 
ments will  be  required  in  several  locations,  cither  singly  or  in  com- 
bination with  streamflow  regulation,  to  better  cope  with  flood  problems. 

Total  storage  capacity  required  to  provide  streamflow  control  is 
estimated  to  be  1.6  mill  ion  acre-feet  in  addition  to  the  amount  that  will 
be  made  available  upon  completion  of  the  going  program.  About  1,335,500 


l-AL-5 


acre-feet  of  reservoir  capacity,  including  179,900  acre-feet  associated 
with  upstream  watershed  projects,  will  be  required  for  control  of  flood- 
flows.  In  addition,  major  local  protection  works  at  4 locations  and  19 
miles  of  channel  improvements  in  potential  watershed  projects  will  be 
required.  About  141,800  acre-feet  of  storage  capacity  will  be  required 
to  make  water  available  to  supplement  streamflows  during  low  flow 
periods.  Storage  capacity  provisions  for  streamflow  supplementation  are 
limited  to  amounts  which  are  beyond  the  capability  of  available  surface 
and  ground  water  sources  to  satisfy  demands  for  water  withdrawals  and  for 
flow  augmentation  in  the  interest  of  water  quality.  The  ground  water 
potential  is  considered  adequate  to  provide  123  million  gallons  per  day 
toward  satisfying  2020  water  requirements.  Of  the  total  required 
storage,  667,800  acre-feet  would  be  furnished  in  identified  potential 
reservoirs  and  upstream  watersr.;-'d  projects. 

The  capacity  of  the  Allegheny  waterway  is  sufficient  to  handle 
waterborne  commerce  projected  for  1980.  Before  the  year  2020,  however, 
increased  navigation  channel  capacity  will  be  needed  in  the  lower  30 
miles  of  the  river  in  order  to  serve  efficiently  the  increased  demand 
for  bulk  commodities  in  the  Pittsburgh  region.  In  conjunction  with  the 
channel  improvement,  locking  facilities  in  the  reach  will  need  to  be 
replaced  with  modern  structures  compatible  with  the  Monongahela  and 
upper  Ohio  River  systems. 

The  identified  hydroelectric  power  potential  of  565,000-kilowatt 
installed  capacity  would  be  useable  before  1980  to  meet  a portion  of  the 

growing  Ohio  Basin  power  requirements;  inclusion  of  the  power  potential  I 

as  an  element  of  water  resource  development  is  based  on  judgment  that  j 

the  installation  will  prove  to  be  desirable  and  economically  feasible  in  1 

comparison  to  alternative  sources  of  power  supply.  | 

Total  area  in  potential  feasible  upstream  watershed  projects  is  I 

about  2.4  million  acres.  Of  this  amount,  it  is  estimated  that  approxi-  I 

mately  a million  and  a quarter  acres  of  cropland,  pasture,  and  woodland  ‘ 

will  require  treatment  and  management  to  enhance  land  productivity  and  ) 

serve  other  beneficial  purposes.  Retardation  of  runoff,  control  of  ! 

erosion,  and  reduction  of  sediment  transport  to  streams  are  important  ; 

considerations. 

The  improvement  of  water  quality  in  the  streams  and  the  availa- 
bility of  reservoirs,  impoundments,  and  other  developments  would  provide  ' 

potential  opportunities  for  over  11.0  million  outdoor  recreation-days 
annually  if  access  and  facilities  are  made  available. 

b.  Remaining  Requirements.  - The  95,500  acre-feet  of  storage 
capacity  at  unidentified  sites  is  required  to  supplement  streamflows 
during  low  flow  periods.  It  includes  an  amount  for  water  required  in 
areas  not  identified  by  specific  location  of  need  and  an  amount  required 
to  provide  stream  regulation  in  several  identified  areas  of  need,  but  for 
which  storage  developments  are  not  identified. 
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storage  capacity  that  can  be  made  available  in  identified  potential 
projects  is  sufficient  to  provide  for  subbasin  flood  control  requirements 
and  would  also  furnish  a portion  of  the  capacity  required  for  flood  stage 
reduction  on  the  Ohio  River.  The  71^,000  acre-feet  for  which  additional 
development  will  be  required  is  the  remaining  amount  needed  in  the 
Allegheny  subbasin  to  assist  in  regulating  the  Ohio  River  Standard  Pro- 
ject Flood  to  the  maximum  flood  stage  of  record. 

New  and  expanded  facilities  in  the  Allegheny  subbasin  will  help 
supply  the  water-oriented,  recreational  needs  of  the  Pittsburgh  Standard 
Metropolitan  Statistical  Area  (SMSA)  where  resources  are  relatively 
lacking.  The  extent  to  which  demand  for  outdoor  recreational  opportunity 
can  be  satisfied  beyond  that  provided  by  identified  developments  has  not 
been  assessed.  A portion  of  the  remaining  requirement  can  be  met  in  con- 
junction with  other  needed  water  resource  developments  in  the  subbasin. 

The  rest  will  likely  have  to  be  provided  by  recreation  lakes,  Federal 
and  State  forests.  State  and  local  parks,  and  private  development  pro- 
grams. Present  deficiencies  in  hunting  opportunities  within  the  subbasin 
could  be  partially  alleviated  by  the  use  of  facilities  in  adjacent  basins, 
particularly  the  Beaver  subbasin,  for  which  a surplus  in  hunting  oppor- 
tunities is  projected  through  I98O. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  potential  watershed  projects,  with 
exception  that  lands  to  be  irrigated  or  drained  may  be  located  in  or  out- 
side watershed  projects.  By  the  year  2020,  approximately  2. A million 
acres  of  cropland,  pasture,  and  woodland  would  be  subject  to  treatment  and 
management  measures,  some  of  the  more  common  being  contour  farming  of  all 
types,  controlled  grassland  farming,  and  improved  forest  management  and 
utilization.  These  lands  are  accounted  for  in  the  general  inventory  of 
requirements  but  are  not  identified  by  specific  location. 
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ALLEGHENY  SU6BASIN 

DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Proiected 

Increase^*) 

Uni  t 

Amount 

1980 

2020 

Water  Wi thdrawa i 

Municipal  and  Industrial 

Million  Gallons  Per  Day 

493.2 

166.1 

851  .8 

tiectric  Power  Cooling 

Million  Gallons  Per  Day 

1 ,013 

3,127 

7,287 

Rural  Communi t ies 

Million  Gallons  Per  Day 

44.8 

5.3 

14.5 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

5.90 

0 

5.27 

I rri gat ion^3) 

Million  Gallons  Per  Day 

0.2 

0.9 

1 .9 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

I ,000  Population 
Equivalents 

175.6 

64.0 

301 .7 

Flood  Damage  Prevention^^) 

Million  Dollars  Annually 

23.34 

3.74 

9.48 

Waterway  Freight  Movement^^^ 

Mi  1 1 ion  Ton-M i Ies 
Annua  1 ly 

90 

0 

40 

Hydroelectric  Power  - 
I ns ta 1 led  Capaci ty 

Megawatts 

28.8 

(Assessed  on  a 

basin 

-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

9.0 

17.8 

6i  .8 

Sport  Fishing 

Mi  1 1 ion  Angler  Days 

1 .80 

0. 16^^^ 

0.45^^' 

Hunt i ng 

Million  Hunter  Days 

4.17 

0.34^^) 

0.50^^' 

Commercia 1 F i shing 

(Assessed  on  a 

basin 

-wide  basis) 

Land  Treatment  and  Management 

1 >000  Acres 

315 

1 ,283 

3,626 

Oral nage 

1 ,000  Acres 

81 

47 

62 

Irrigation  (Land  Area) 

1 ,000  Acres 

0.5 

1 .6 

4.0 

MOTES: 


(0  Base  year  amounts  plus  projected  increase  equals  gross  dema  ds . 

(2)  Mining  industry  water  requirements  not  Included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  4$  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  oercent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (1980  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  t'ansport  of  waterborne 
f reight. 


I 

t 


. '-i 


1 


(7)  Net  requi rements. 
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ALLEGHENY  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMKLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS) , 


F low^^^ 

Supp 1 ementa 1 

Problem  Area ( 0 

Requ i red 

F low  P rovi ded  by 

F 1 ow 

Requ i red 

Stream 

iqSo 

2020 

Goi na  Program 

TgSo" 

2020 

Jamestown,  NY 

Cassadaga  Creek 

40 

70 

10 

30 

60 

Bradford,  Pa 

Tunungwant  Creek 

35 

65 

10 

25 

55 

Meadvi lie.  Pa 

French  Creek 

40 

75 

35 

5 

40 

Windber,  Pa 

Paint  Creek 

24 

63 

0 

24 

63 

Indiana,  Pa 

Two  Li ck  Creek 

30 

40 

25 

5 

15 

Latrobe,  Pa 

Loyalhanna  Creek 

35 

65 

15 

20 

30 

Cresson.  Pa 

Little  Conemaugh  Creek 

17 

30 

0 

17 

30 

WATER  REQUIRED  TO 

SATISFY  DEMANDS  FOR  WITHDRAWAL  AND 

USE  (IN  ADDITION  TO  THAT 

PROVIDED  IN  BASE  YEAR)i(MGO). 

1 tern 

1980 

2020 

1.  Total  wi thdrawa 1 ^ 

3.299 

8,161 

2.  To  be  provided 

by  groundwater 

25 

123 

3.  Total  consumpl 

ive  use 

52 

198 

C.  FLOOD  DAMAGE  AREAS. 


Locat ion 


Res  I dual  Damages 
(Mill  tons  Pol iars) 


1 . Upstream  areas 

2.  Major  urban  areas^O 


1.16 

0.66 


Jamestown-Fa I coner , NY,  Lake  Chatauqua 
Meadville,  Pa,  French  Creek 
Dubois,  Pa,  Sandy  Creek 
Eldred,  Pa,  Allegheny  River 


3.  Other  flood  plain  areas 

4.  Total  subbasin 


0.90 


2.72 


Projected  to  3. 74  In  I98O  and  9.48  in  2020. 


NOTES:  (I)  Sec  figure  AL-1  for  geographic  location  of  principal  problem  areas  and  figure  AL-2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 


(3)  Water  required  to  satisfy  municipal  and  Industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  Irrigation  demands. 


(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (I965  constant  dollars). 


r 
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ALIEGHENV  SUBBASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAmFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


Tire  P -T  od 

1980 

Storage  ( I ,000  At  F i ) 


WATER  quality  CONTROL. 


1.  Storage  required^*) 

60,  1 

M 1 9 

2.  Storage  provided  in  identified  potential  sites 

I0-7 

jc  7 

5.  Additional  storage  requiied 

ks  k 

93  2 

WATER  withdrawals. 

1.  Storage  required 

33.5 

S4  2 

flood  CONTROL. 

1.  Subbasin  and  Ohio  River  control  requirement 

245.1 

' ,335.5 

2 Storage  provided  in  identified  potential  sites 

66.6 

i7\  .5 

a,  for  solving  localized  problems 

(66.6) 

1 179  91 

b.  etfective  in  controlling  both  subbasin  and  Ohio 

River  flows 

(0) 

(A41  c, 

3.  “dditional  storage  required^^^ 

178.5 

71A  0 

TOTAL  STORAGE  REQUIREMENT. 

1.  Water  quality  control,  water  withdrawals,  and  flood 

cont  ro 1 

338.7 

1 .601 .6 

2,  Available  in  identified  potential  slles^^^ 

96.3 

667  8 

3.  Joint  use  storage 

_LLi 

12-  3 

4.  Additional  storage  required^^^ 

229. 1 

809  5 

S:  (1)  Storage  capacity  required  to  provide  supplemental  flows  at  key 

urban  locations  and  rural 

comnun i 1 1 es  in 

upstream  watershed  areas. 


(2)  Remaining  Allegheny  subbasin  share  of  storage  required  to  reduce  the  Ohio  River  Basin  Standard  Project 
Flood  to  the  maximum  flood  stage  of  record. 


( 3)  See  figure  AL  - 1 . 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 
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ALLEGHENY  SUBBASIN 

SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


Add  i t iona  I Requ  i re*nent  ^ ^ 

1980  ?0?0  (Accumulative) 


Provided  in  Capital  Cost  Capital  Cost 

Program  Elenfnts  Unit  Going  Prograw  Amount ($1.000)  Ancunt  ($1.000 


PART  I.  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 
A.  StreamfloM  Control  and  In-Stream  Use 


1 . 

Storage  for  Increasing  Flows  and 
FurnIsKing  Water  for  Withdrawal  and  Use 

1,000  Ac  Ft 

617.2 

29.7 

3.700 

46.3 

7,900 

2. 

Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1 ,000  Ac  Ft 

Miles 

Miles 

1,739.1 

55.0 

31 

66.6 

5.7 

7 

10,400 

3.500 

200 

621.5 

(2) 

19 

157.900 

7.500 

500 

3. 

Navigable  Waterway 

a.  Improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

Miles  of  Channel 
Miles  of  Channel 
Miles  of  Channe 1 

72 

0 

0 

0 

0 

30 

30 

70.000 

10.000 

4. 

Hydroelectric  Power  - 
Instal led  Capac i ty 

Megawatts 

26.8 

565 

63.600 

(Assessed 
Bas I n-w<  de 

on  a 
Bas 1 s) 

B. 

Related  Programs 

'• 

Outdoor  Recreat  ion^^^ 

Mill  ion  Recreation 
Days 

9.0 

1.7 

5.300 

1 M 

36.300 

2. 

Watershed  Project  Land  Treatment 
and  Management (S) 

1 ,000  Acres 

315 

515.6 

12.900 

1 .251.8 

31.300 

COSTS  - PART 

1 

99.600 

321.400 

PART  2. 

REMAINING  REQUIREMENTS. 

A. 

Streamflow  Control  and  In-Stream  Use^^^ 

1. 

Storage  for  Increasing  Flows  and 
Furnishing  water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

■ 

50.6 

12.900 

95.5 

24,A0O 

2. 

Storage  for  Control  of  Flood  Flows 

1,000  Ac  Ft 

- 

178.5 

45.500 

714.0 

182,100 

3. 

Hydroelectric  Power 

(Assessed  on  a 

Bas i n-wide  Bas is) 

6. 

Related  Programs 

1 . 

Outdoor  Recreatlon^^^^^^ 

Mill  ion  Recreat ion 
Days 

- 

■ 6.1 

54.000 

50.7 

169.700 

2. 

F i sh  and  Wi 1 dl i fe 

a.  sport  f i shlnq^^^ 

b.  hunt i ng( 3 ) ( 71 

c.  commercial  fishery 

Million  Angler  Days 
Million  Hunter  Days 

1.80 

4.17 

0. 16 
0.34 

600 
1 ,200 

(Assessed  on  a 

0.45 

0.50 

Basin-wide  Basis) 

1 .600 
1 .800 

C. 

Land  Treatment  and  Management 

1 . 

Lands  Outside  Watershed  Projects 

1 ,000  Acres 

• 

767.9 

19.200 

2,374.3 

59,300 

2. 

Irrigation  (Acres  to  be  Irrigated) 

1 ,000  Acres 

0.5 

2.1 

200 

4.9 

500 

3. 

Ora  inage 

1 .000  Acres 

81 

36.8 

6,000 

46.7 

7. 700 

COSTS  - PART 

2 

1 39.600 

447.100 

TOTAL  COSTS  - (PARTS  1 AND  2) 

239.200 

768. 50C 

NOTES: 

0) 

Requirement  in  addition  to  that  provided 

by 

going  development  programs. 

(2) 

Project  dimensions  not  defined  at  this  time. 

(3) 

Costs  shown  are  for  initial  facilities  and  such  measures  as  may  be  required  to 
land  cost.  Base  year  I960. 

Up 

lem< 

:nt  the 

program  and  do  not 

include  water  and 

related 

(4) 

The  number  of  outdoor  recreation  days  shown 
aval  1 able  data. 

include  some  sport  fishin 

g and  hunt ing 

which  could  not  be  separatel 

y accounted  for  in 

(M 

Land  area  and  costs  shova>  are  for  total 
development  related  and  other  lands.' 

land 

treatment  and  management 

requ i reme 

ntS 

In 

watershed  projects  and  cover  both  water  re- 

*urce 

(6) 

Specific  sites  to  provide  storage  capacity  for  streamflow  control  are 
ava liable. 

not  identified. 

howe ver 

, favorable  storage  sites  are  potent 

iaily 

(7) 

Because  of  population  and  resource  distr 
satisfied  by  water  resource  developments 

ibutions.  remaining  subbasin 
may  require  a trade  off  with 

regu i remen 
adjacent 

tS  for 
subbas  1 

outdoor  recreation,  sport 
ns  or  satisfied  by  other 

fishing  «nd  hunt) 
means  . 

ng  not 

AUEGHtNY 


wooo<9((  CRErr 


llONESTA 


SANDY 


CROONED  (REEI 


> ^ 

BRANCH 
’▼  / QAllON 


I PROJECTS  IN  GOING  PROGRAM 

Corpi  eJ  EngtntiM  R«\t'»P 
Wolprshtd  P'0|tcl 
1^:^  SigniEuant  Non  Etdofol  Rts 
? POTENTIAl  PROJECTS 
Rf$o>v«ir 
IPJoloriKod  Pr«|o<t 


\ •-  COHEMAUGH  f V- 

^ \ RIVER  JL  ^ \kV\\/  \ 

P..nb«.gh  \ BlAtir 

* V-^  10TAIMANNa\  0IO.M..1I,  J 

y ^ I Co"o*ov|h  -.  ^ \ u II  ttt 

^\-s^WN»tr  9 

% I ( ^ ^ 

Rt^tl»0.r  ^ 

W I-' 

lofol  RttllVO.r  **"  ' 


VICINITY  MAP 


PROBLEM  AREAS 

Eiisimc 

i«ao 

2000 

2020 

Wo««t  Ouilitf 

■ 

r 

■ 

MY 

Molar  Suggtir 

■ 

p 

m 

F. 

MaiO'  Hoad  Oamaga 

■ 

0 JO ?0  JO 

H~  ' 

scAii  IN  mils 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

ALLEGHENY  SUBBASIN 

PRINCIPAL 

WATER  SUPPLY.  WATER  QUALITY  AND  FLOOD 
PROBLEMS 


RESERVOIRS  AND  WATERSHED  PROJECTS 
IN  GOING  program,  AND  POTENTIALS 


CORPS  OE  ENGINEERS 
APPENOU  I 


ISCHUA  CREEK 


i Port  Allegany,  Pa 


I Glean,  N Y 


Br adtor d , Pa 


CONEWANGO 

CREEK 


Jamestown.  N Y 


-Titusville,  Pa 


L ALLEGHENY 


War ren , Pa 


Union  City,  Pa 


\MUDDY  1 

acreek  Awoodcock 
r Ia  creek 


Meadvilie . Pa 


Clarion,  Pa  Johnsonburg.  Pa 


SANDY  CREEK 

o 


LEGEND 

PROJECT^  IN  GOING  PROGRAM 

Corps  of  Engineers  Reservoir 
O Watershed  Project 
PROBLEM  AREAS 
H Water  Supply 

9 Water  Quolity 

Major  Flood  Damage 


7east  branch 
Clarion 


Dubois.  Pa 


MAHONING  CREEK 


CROOKED  CREEK 


CONEMAUGH 

RIVE  R W o..  .. 


BiaifsviHe  Pa 


ylOYALHANNA 


1 atrobel 

Pa  4 


Cresson  Pa 


ConemaughI  Wmdber,  Pa  Summer  Hill 


Pittsburgh,  Pa 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

ALLEGHENY  SUBBASIN 
ANALYSIS  SCHEMATIC 

CORPS  Of  ENGINEERS  U S ARMY  OHIO  RIVE  R DIVISION 
APPE  NDIX  K F IGURE  Ai  2 
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1.  Planning  Environment.  The  Monongahela  subbasin,  situated  in  the 
northeasterly  portion  of  the  Ohio  Basin,  and  the  adjacent  Allegheny  sub- 
basin comprise  the  headwaters  of  the  Ohio  River.  The  Monongahela  subbasin 
covers  about  7,400  sguare  miles,  or  nearly  five  percent  of  the  Ohio  Basin 
study  area.  It  includes  portions  of  southwestern  Pennsylvania,  northern 
West  Virginia,  and  the  westernmost  tip  of  Maryland.  The  topoaraphy  Is 
rolling  ro  rugged  with  much  of  the  land  heavily  forested.  The  growing 
season  Is  one  of  the  shortest  In  the  Ohio  Basin. 

The  subbasin  has  a history  of  recurring  heavy  winter  snowfall  and  also 
summer  thunderstorms  with  Intense  rainfall.  Heavy  rains  from  hurricane- 
influenced  storms  may  occur  i nf reguent ly.  Annual  average  runoff  of  25.1 
Inches  Is  greater  than  that  for  the  Ohio  Basin.  The  subbasin  contributes 
about  40  percent  of  the  Ohio  River  annual  flow  at  Pittsburgh  and  five  per- 
cent of  the  flow  at  Cairo,  Illinois.  During  peak  runoff  periods  high  flows 
contribute  materially  to  Pittsburgh  and  Ohio  River  flood  problems.  In 
contrast,  extended  droughts,  although  infreguent,  have  caused  major  crop 
losses  and  acute  water  shortages. 

The  Monongahela  subbasin,  doorway  to  the  early-day  western  frontier, 
was  settled  in  the  late  I700's.  Some  of  the  early  Immigrants  settled  In 
Isolated  portions  of  the  highlands  where  rich  sol  Is  and  bountiful  forests 
and  wildlife  made  conditions  Ideal  for  a self-contained  economy.  Many 
small  urban  centers  stemmed  from  this  early  beginning.  Other  migrants 
settled  in  the  area  adjacent  to  the  confluence  of  the  Monongahela  and 
Allegheny  Rivers.  Here  Pittsburgh  grew  rapidly  and  today  is  one  of  the 
major  Industrial  and  commercial  centers  of  the  nation,  and  the  largest 
metropolitan  center  (2.4  million  people)  In  the  Ohio  Basin. 

The  subbasin  contains  large  commercial  coal  deposits.  A considerable 
portion  of  the  economy.  Including  steel  producing  and  related  industries. 

Is  based  on  this  resource.  The  Monongahela  Basin,  excluding  the  Pittsburgh 
metropolitan  portion,  has  about  three  percent  of  the  population  In  the  Ohio 
study  region,  2.6  percent  of  the  labor  force  and  produces  over  eight  per- 
cent of  the  industrial  output.  Economic  projections  Indicate  that  the 
general  economy  of  the  Monongahela  Basin  will  continue  to  grow  but  at  a 
lesser  rate  than  for  the  overall  Ohio  Basin, 

2.  Demand  for  Water  and  Related  Functions  and  Services.  More  intense 
use,  additional  development  and  more  efficient  management  of  water  and  re- 
lated land  resources  along  with  diligent  prosecution  of  other  programs 
allied  to  water  and  land  use  will  be  reguired  to  keep  pace  with  projected 
demands  for  water  and  related  functions  and  services  in  the  Monongahela 
subbasin.  Base  year  and  projected  increases  that  comprise  gross  demands 
for  water  and  related  functions  and  services  are  shown  In  table  MO-I . 
Principal  considerations  In  determining  storage  capacity  reguirements  for 
control  of  streamflow  are  provided  in  table  MO-2, 
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Aporoximatel y 97  percent  of  the  demand  for  municipal  and  industrial 
water  supoly  is  concentrated  in  the  highly  industrialized  lower  portion 
of  the  Monongahela  subbasin.  This  represents  nearly  45  percent  of  the 
total  demand  in  the  Ohio  River  Baisn,  In  general,  present  water  supplies 
are  adequate  in  quantity  and,  if  properly  controlled,  will  be  sufficient 
to  satisfy  future  demand;  but  the  quality  of  surface  waters  and,  in  some 
cases,  ground  water  is  substandard  for  many  uses. 

Water  quality  is  a major  concern  in  the  Monongahela  subbasin.  The 
concentration  of  economic  activity  has  resulted  in  the  aqoravation  of  prob- 
lems associated  with  municipal  and  industrial  waste,  and  other  stream  pollu- 
tion. Drainage  from  active  and  abandoned  mines  situated  throughout  the 
basin  has  degraded  much  of  the  surface  water  in  the  basin. 

Flooding  is  still  a problem  at  several  locations  and  Pittsburgh  has 
experienced  higher  average  annual  damages  than  any  other  city  In  the  Ohio 
Basin.  Although  a considerable  portion  of  the  Pittsburgh  water  resource 
demands  and  problem  solutions  are  in  the  Monongahela  subbasin,  Pittsburgh 
is  included  in  the  report  in  the  upper  Ohio  River  area. 

There  are  large  coal  reserves  in  the  basin.  The  mining  industry, 
together  with  the  steel -producing  and  related  industries,  rely  heavily 
on  the  availability  of  low-cost  transportat ion  for  the  transport  of  bulk 
commodities.  The  Interrelation  of  the  mining  within  the  basin  with  indus- 
tries both  within  the  Monongahela  and  nearby  basins  will  require  improve- 
ment of  the  waterway  system  to  handle  movement  of  waterborne  freight 
economically  and  efficiently. 

Outdoor  water-based  recreation  facilities  are  insufficient  to  serve 
the  people  of  the  Pittsburgh  metropolitan  area.  If  predicted  future 
recreational  desires  are  to  be  satisfied,  further  sources  of  opportunity 
will  be  required. 


a.  Going  Program  Accomplishment.  Federal,  state  and  local 
interests  have  endeavored  to  keep  pace  with  development  required  to  solve 
critical  problems  and  provide  for  most  urgent  needs.  Efforts  have  been 
underway  for  some  time  to  solve  mine  drainage  problems,  reduce  erosion, 
prevent  flooding,  improve  water  quality,  improve  the  navigable  waterway 
and  provide  for  outdoor  recreation,  sport  fishing,  hunting  and  other 
demands.  Programs  for  land  management,  and  fish  and  wildlife  preservation 
have  been  in  effect  for  years.  Timber  and  crop  production  methods  are 


continually  being  improved;  these,  in  addition  to  increasing  land 


productivity,  help  retard  runoff. 


There  are  two  existing  Federal  multiple-purpose  reservoirs  in  the 
basin.  These  provide  a total  of  429,000  acre-feet  of  storage  for  flood 
control,  97,800  for  low  flow  supplementation  and  151,400  acre-feet  of  Joint 
use  reservoir  capacity  for  winter  flood  control  and  summer  low  flow  supple- 
mentation. These  reservoirs  control  about  22  percent  of  the  subbasin  area. 
There  are  seven  authorized  upstream  watershed  projects  covering  124  square 
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miles  of  the  subbasin.  These  projects  include  50  upstream  detention  s-^ruc*ures 
and  16  miles  of  channel  improvement.  Ten  Federal  and  numerous  non-Federa I 
local  protection  projects,  with  floodwalls,  levees  and  channel  Improvements 
in  varying  degree,  further  control  damaging  flood  flows.  The  forego  Inc  pro- 
jects would  prevent  average  annual  flood  damages  of  B.-i  million  dollar^. 

Construction  of  the  authorized  Rowlesburq  and  Stonewall  Jackson  Reservoi-'s 
appears  to  be  likely  In  the  near  future.  These  reservoirs  would  contr,>i 
runoff  from  an  additional  14  percent  of  drainage  area  and  would  p'"ovide 
337,600  acre-feet  of  storage  capacity  for  flood  control,  and  569,300  for 
other  purposes.  Recreational  facilities  are  also  contemn lated. 

Flowing  streams  within  the  basin  have  been  tapped  as  the  or  ncinal 
source  of  major  municipal  and  industrial  water  supplies.  Existing  imoound- 
ments  for  water  supply,  in  most  cases,  are  associated  with  the  provision 
of  small  public  sources  of  supply. 

There  are  two  privately-owned  hydroelectric  Generating  plants  in 
the  basin  with  a total  capacity  of  70  megawatts.  A pumped  storage  hydro- 
electric power  installation  of  525  megawatts  at  the  Federally  authcized 
Rowlesburg  project  is  being  investigated  by  a private  utility  under  a 
nreliminary  permit  issued  by  the  Federal  Power  Commission. 

After  completion  of  the  going  proaram,  nine  locks  and  dams  will 
provide  129  miles  of  navigable  waterway  on  the  Mononaahela  River  which  can 
accomrflodate  1.8  billion  ton-miles  of  waterborne  freiaht  annually. 

Recreation  facilities  at  reservoirs,  watershed  projects  and  national 
forests  and  a Iona  natural  streams  have  been  provided  by  Federal  and  non- 
Federal  interests.  More  than  30  state  parks,  forests  and  recreation  areas 
exist  in  the  basin.  In  I960,  water  related  recreational  activity  amounted 
to  2.5  million  recreation  days,  368,400  angler  days  and  1.8  million  hunter 
days. 

b.  Future  Demand.  It  will  be  noted  in  table  MO-I  that  water 
withdrawal  demands  that  existed  in  I960  will  more  than  double  by  2020, 
increasing  from  about  5,900  million  gallons  per  day  to  over  16,000  m.g.d. 

Organic  waste  loads  entering  streams  are  projected  to  increase  j 

about  two  times  the  I960  average  by  2020.  These  waste  loads  are  the  re-  I 

maining  residual  after  secondary  treatment  or  equivalent  reduction  of  i 

industrial  waste  had  been  applied.  | 

Assuming  1965  level  of  flood  plain  development,  about  65  percent  | 

of  the  potential  average  annual  damages  from  flood  flows  would  be  prevented  ] 

after  completion  of  the  going  program  for  flood  control.  Under  these  con-  | 

ditions,  45  percent  of  the  basin  flood  plain  area  would  be  unprotected,  and  j 

of  the  area  protected  33  percent  would  need  additional  protection.  These 
areas  are  subject  to  future  development  due  to  the  limited  valley  lands  In 
flood-free  areas.  Protection  works  and  manaaement  programs  will  be  needed  I 

to  prevent  potential  flood  damages  2.7  times  the  1965  annual  average  with  I 

projected  conditions  of  flood  plain  development.  I 
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Deepening  and  Improvement  of  the  navigable  waterway  will  be  re- 
quired to  keep  pace  with  demands  for  waterborne  freight  traffic,  which  is 
projected  to  increase  by  2020  to  25  billion  ton-miles  or  700  million  ton- 
miles  beyond  the  capability  of  the  system  after  going  program  completion. 

Additional  electric  power  generation  will  be  required  to  support 
industrial  expansion  and  the  general  growth  of  the  economy.  Hydroelectric 
power  development  at  water  control  reservoirs  and  feasible  pumped-s forage 
sites  can  provide  peaking  capacity  for  use  in  conjunction  with  thermal 
baseload  plants.  By  2020,  it  is  estimated  that  hydroelectric  power  plants 
could  be  efficiently  utilized  to  provide  about  10  percent  of  the  total 
capacity  requirements  in  the  Ohio  Basin. 

Land  area  requiring  treatment  and  proper  management  for  efficient 
use  is  projected  to  Increase  to  about  2.3  million  acres  by  2020.  About 
58,000  acres  of  strip  mined  iands  are  in  need  of  rehabi i itation.  By  2020, 
the  irrigated  land  area  is  projected  to  Increase  from  200  to  1,900  acres, 
whereas  land  that  may  be  economically  drained  may  reach  a total  of  148 
thousand  acres. 

The  demand  for  outdoor  recreational  opportunities  Is  predicted  to 
increase  in  excess  of  17  times  the  I960  average  by  2020.  This  demand,  in 
conjunction  with  increased  pressure  for  hunting  and  fishing  opportunity, 
will  require  full  use  of  water  and  lands  affiliated  with  water  resource 
development. 

3.  Resources  Availability.  The  water  resource  development  potential 
of  the  Monongahela  Sasin  Is  one  of  the  best  in  the  Ohio  Basin.  Surface 
runoff  is  high,  reservoir  sites  are  plentiful  and  ground  water  supplies  are 
good  in  most  areas.  However,  to  make  maximum  use  of  surface  water,  steps 
must  be  taken  to  control  mine  drainage  which  has  degraded  the  qualitv  of 
streams  In  many  areas. 

The  rugged  topography  and  lack  of  major  urban  or  Industrial  develop- 
ments in  the  tributary  valley  areas  provide  favorable  opportunities  to 
develop  stream  regulation  reservoirs.  Six  potential  reservoirs,  in  addition 
to  the  two  that  are  authorized,  have  been  Investigated  in  some  detail  and 
are  currently  considered  feasible.  There  are  18  potentially  feasible 
watershed  projects  containing  sites  for  148  detention  structures  which 
would  provide  control  of  622  square  miles  of  upstream  watershed  areas. 
Potential  reservoirs  and  watershed  projects  along  with  those  In  the  going 
programs  are  shown  on  the  subbasin  map,  figure  MO-I. 

Ground  water  in  large  supplies  is  available  In  the  eastern  mountainous 
area  and  along  the  lower  Monongahela  and  Youqhlogheny  Rivers.  In  the  central 
part  of  the  basin  aquifers  are  erratic,  but  large  yields  can  be  developed 
In  some  areas.  The  western  third  of  the  basin,  however,  lacks  good  aquifers, 
and  conservation  of  surface  waters  will  be  required  for  water  supply. 

Extensive  scenic  and  wooded  areas  are  available  In  the  basin  for 
outdoor  recreation  development  and  wildlife  management,  and  if  access  to 
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attractive  Icxrations  Is  Improved,  recreational  opportunity  can  be  consid- 
erably enhanced. 


I 


The  hydroelectric  power  potential  of  the  Mononqahela  subbasin  has 
not  been  fully  investigated;  therefore,  the  amount  of  feasible  hydro- 
electric power  capacity  is  largely  unknown.  However,  the  terrain  indi- 
cates this  might  be  substantial,  particularly  for  high-head  pumped-storage 
power  projects,  a few  of  which  could  utilize  the  reservoirs  of  projects 
for  other  purposes  as  upper  or  lower  pools.  In  addition  to  the  punoed- 
storage  facility  being  investigated  at  the  Rowlesburg  project,  there  are 
eight  identified  locations  in  the  basin  where  hydroelectric  plants  are 
potentially  feasible. 

4.  Assessment  of  Resource  Uevelopment  Reguiremnts.  Principal  water 
supply,  water  quality  and  flood  problem  areas,  together  with  reservoirs 
and  upstream  watershed  projects  in  the  going  program  of  development,  and 
those  identified  as  potential  future  projects,  are  shown  on  the  subbasin 
map,  figure  MO-I . Summary  data  for  projects  in  the  going  program  are 
given  in  Appendix  K,  tables  15  through  21  and  for  identified  potential 
projects  in  tables  24  through  28.  The  relationship  of  problem  areas  and 
projects  in  the  going  program  Is  shown  schematically  in  figure  MO-2,  and 
key  data  relating  to  problem  areas  are  given  in  table  MO-2.  The  schematic 
diagram  was  used  for  general  orientation  in  analyzing  problems  and  needs 
and  establishing  development  requirements  for  streamflow  control.  An 
accounting  of  storage  capacity  for  streamflow  control  is  given  in  table 
MO-5.  Results  of  the  subbasin  assessment  to  determine  the  magnitude  and 
costs  of  resource  development  required  to  satisfy  projected  demands  for 
water  and  related  functions  and  services  are  summarized  in  table  MO-4. 

a.  Requirements  to  be  Furnished  by  Identified  Resource  Potential. 
Ana  lysis  of  demands  for  water  and  related  functions  and  services  and  of  the 
means  whereby  these  demands  can  be  satisfied  indicates  that  to  solve  water 
supply,  water  quality,  and  flood  problems,  development  of  additional  stor- 
age capacity  for  streamflow  control  will  be  required;  also,  further  local 
protection  projects  and  channel  improvements  will  be  required  in  several 
locations,  either  singly  or  in  combination  with  streamflow  regulation,  to 
better  cope  with  flood  problems. 

Total  storage  capacity  required  to  provide  streamflow  control  is 
estimated  to  be  2.8  million  acre-feet  in  addition  to  the  amount  that  will 
be  made  available  upon  completion  of  the  going  proqram.  Of  this  amount, 
about  1,062,600  acre-feet  of  reservoir  capacity,  including  111,300  acre- 
feet  associated  with  upstream  watershed  projects,  can  be  provided  by  the 
Identified  resource  potential  for  control  of  floodflows.  In  addition, 

12.4  miles  of  local  protection  and  channel  improvements  are  identified. 
About  657,800  acre-feet  of  identified  storaqe  capacitv  can  be  provided  to 
make  water  available  to  supplement  streamflows  during  low  flow  periods. 

The  foregoing  amounts  of  storaqe  capacity  include  joint  use  of  212,500 
acre-feet  of  reservoir  space.  Storaqe  capacity  provisions  for  streamflow 
supplementation  are  limited  to  amounts  which  arc  beyond  the  capability  of 


r 
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available  surface  flows  and  ground  wafer  sources  to  satisfy  demands.  The 
ground  water  potential  Is  considered  adequate  to  provide  148  million 
gallons  per  day  toward  satisfying  2020  water  requirements. 

With  completion  of  the  going  program  for  navigation,  the  capacity 
of  the  Monongahela  waterway  will  be  sufficient  to  handle  waterborne 
commerce  projected  for  1980.  Contingent  with  the  deepening  of  the  Ohio 
River  waterway,  a channel  of  comparable  depth  will  be  needed  on  the 
Monongahela  River  to  move  the  tonnage  of  river  freight  projected  for  2020 
efficiently.  Widening  of  the  channel  in  the  upper  end  of  the  system  would 
also  be  required  by  that  time. 

The  identified  hydroelectric  power  potential  of  1,222  megawatts 
Installed  capacity  should  be  useable  before  1980  to  meet  a portion  of  the 
growing  Ohio  Basin  power  requirements;  Inclusion  of  the  power  potential 
as  an  element  of  water  resource  development  is  based  on  judgment  that  the 
Installation  will  prove  to  be  desirable  and  economically  feasible  in  com- 
parison to  alternative  sources  of  power  supply. 

Total  area  in  potentially  feasible  upstream  watershed  projects  Is 
about  1.2  million  acres.  Of  this  amount,  it  Is  estimated  that  approxi- 
mately 750,000  acres  of  cropland,  pasture,  and  woodland  will  require  treat- 
ment and  management  to  enhance  land  productivity  and  serve  other  beneficial 
purposes.  Retardation  of  runoff,  control  of  erosion,  and  reduction  of 
sediment  transport  to  streams  are  Imoortant  considerations. 

The  Improvement  of  water  quality  In  the  streams  and  the  availa- 
bility of  reservoirs,  impoundments,  and  other  developments  would  provide 
potential  opportunities  for  over  11  million  outdoor  recreation  days 
annually  if  access  and  facilities  are  made  available. 

b.  Remaining  Requirements.  The  605,700  acre- feet  of  storage 
capacity  required  to  supplement  streamflows  during  low  flow  periods  includes 
an  amount  for  water  required  In  areas  not  Identified  by  specific  location 
of  need  and  an  amount  required  to  provide  stream  regulation  In  several 
identified  areas  of  need,  but  for  which  storage  developments  are  not 
identified. 

Storage  capacity  that  can  be  made  available  In  Identified  potential 
projects  Is  sufficient  to  provide  for  subbasin  flood  control  requirements 
and  would  also  furnish  a portion  of  the  capacity  required  for  flood  stage 
reduction  on  the  Ohio  River.  The  254,000  acre-feet  for  which  additional 
development  will  be  required  is  the  remaining  amount  needed  In  the 
Monongahela  subbasin  to  assist  in  regulating  the  Ohio  River  Standard 
Project  Flood  to  the  maximum  flood  stage  of  record. 

New  and  expanded  facilities  In  the  Monongahela  Basin  will  help 
supply  the  water-oriented,  recreational  needs  of  the  Pittsburgh  Standard 
Metropolitan  Statistical  Area  (SMSA)  where  resources  are  relatively 
lacking.  The  extent  to  which  detnand  for  outdoor  recreation,  hunting  and 
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fishing  opportunity  can  be  satisfied  beyond  that  provided  by  Identified 
developments  has  not  been  assessed.  A portion  of  the  remaining  require- 
ment can  be  met  In  conjunction  with  other  needed  water  resource  develop- 
ments in  the  subbasin.  The  rest  will  likely  have  to  be  provided  by 
single-puroose  recreation  lakes.  State  and  local  parks,  and  private 
developments. 

Remaining  land  treatment  and  management  requirements  are 
associated  with  the  general  land  base  outside  watershed  projects,  with 
the  exception  that  lands  to  be  irrigated  or  drained  may  be  located  in  or 
outside  watershed  projects.  By  the  year  2020,  approximately  1.5  million 
acres  of  cropland,  pasture,  and  woodland  would  be  subject  to  treatment 
and  management  measures,  some  of  the  more  compxpn  being  contour  farming 
of  all  types,  controlled  grassland  farming,  and  improved  forest  manage- 
ment and  utilization.  These  lands  are  accounted  for  in  the  general  inven- 
tory of  requirements  but  are  not  identified  by  specific  location. 
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TABLE  MO-1 


MONONGAHELA  SUBBASIN 

DEMAND  FCP.  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease^  * ) 

Uni  t 

Amount 

1980 

2020 

Water  Wi thdrawal 

Municipal  and  1 ndust r 1 a 1 

Million  Gallons  Per  Day 

4,859.2 

885.3 

5.475.8 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

1 ,013 

827 

4,797 

Rural  Communities 

Million  Gallons  Per  Day 

31.0 

8.0 

21 .4 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

4.52 

0 

3.43 

1 rrigation^^^ 

Million  Gallons  Per  Day 

0.1 

0.3 

0.8 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Population 
Equivalents 

136.3 

20,0 

126.7 

Flood  Damage  Prevent ion(5) 

Million  Dollars  Annually 

8.40 

6.47 

13.53 

Waterway  Freight  Movement(^) 

Million  Ton-Mi les 
Annual ly 

o 

o 

100 

0 

0 

Hydroelectric  Power  - 
Instal led  Capaci ty 

Megawatts 

70.4 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

2.5 

14.2 

.5 

Sport  Fishing 

Million  Angler  Da/s 

0,37 

0.04(7) 

0.15(7) 

Hunt i ng 

Million  Hunter  Days 

1 .80 

0.51 (7) 

0 

00 

0 

Commercial  Fishing 

(Assessed  on  a 

bas i n-wi de  bas i s) 

Land  Treatment  and  Management 

1 ,000  Acres 

79 

00 

2,243 

Dra i nage 

1 ,000  Acres 

84 

45 

64 

Irrigation  (Land  Area) 

1 ,000  Acres 

0.2 

0.7 

1 .7 

NOTES: 


(1)  Base  year  arounis  plus  projected  increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (1980  and  2020)  are  Indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
f rei ght . 

(7)  Net  requirements. 


table  mo-2 


honongahela  subbasin 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS)  . 


P rob  1 em  A rea ( ' ) 

Stream 

Requ - red 
1980 

F low^^^ 
2020 

F low  P rovi ded  by 
Going  Program 

Supp 1 ementa 1 
F 1 ow  Regu i red 
1980  2020 

Pittsburgh,  Pa 

Monongahela  River 

2.700 

4,450 

1 .820 

880 

2,630 

Clarksburg,  W Va 

West  Fork  River 

30 

50 

2 

28 

48 

Weston , W Va 

West  Fork  River 

5 

10 

0 

5 

10 

Unlontown,  Pa 

Redstone  Creek 

10 

20 

1 

9 

19 

Br i dgeport  W Va 

Beards  Run 

5 

10 

0 

5 

10 

Manni ngton  W Va 

Buffalo  Creek 

5 

10 

0 

5 

10 

Waynesburg,  Pa 

South  Fork  Ten  Mile  Creek 

5 

10 

0 

5 

10 

Elkins,  W Va 

Tygart  River 

5 

10 

0 

5 

10 

Buckhannon,  W Va 

Buckhannon  River 

5 

10 

0 

5 

10 

Greensburg,  Pa 

jacks  Run 

35 

50 

1 

3A 

49 

Jeannette,  Pa 

Brush  Creek 

IS 

25 

1 

14 

24 

Irwin,  Pa 

Brush  Creek 

5 

1C 

0 

5 

10 

Scottdale,  Pa 

Jacobs  Creek 

5 

10 

0 

5 

10 

Somerset,  Pa 

Coxes  Creek 

5 

10 

0 

5 

10 

Bent leyvi lie,  Pa 

Pigeon  Creek 

5 

10 

0 

5 

10 

i. 


i 


NOTES;  (1)  See  figure  MO-1  for  geographic  location  of  principal  problem  areas  and  figure  MO-2  for  schematic  relationship.  ' ' j 

(2)  Streanflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen.  | ,i 

j,'.' 

(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic  |ivj 

and  livestock,  and  irrigation  demands.  hijj 


(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 


TABLE  MO-3 


MOMONCAHELA  SUBBASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAhFLOW  CONTROL 
UN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


Tire  Per  Ir.c 

1980  isHT 

Sioraye  ( I ,000  At  f i 1 


A.  WATER  QUALITY  CONTROL. 

1.  Storage  required^) 

2.  Storage  provided  in  identified  potential  sites 


3.  Additional  storage  required 

36.8 

69  6 

WATER  withdrawals. 

1 . Storage  requl red 

196.6 

900.5 

FLOOD  CONTROL. 

1.  Subbasin  and  Ohio  River  control  requirement 

956.7 

.316  6 

2,  Storage  provided  in  identified  potential  sites 

393  2 

1 .062  6 

a.  for  solving  localised  problems 

b.  effective  in  controlling  both  subbasin  and  Ohio  River  flows 

(55.6) 

iiiUI 

(m.3> 

liiiOL 

3.  Additional  storage  requl red^^^ 

63.5 

25^-0 

total  STORAGE  REQUIREMENT. 

1.  Water  quality  control,  water  withdrawals,  and  flood  control 

81 1 .6 

2.792  e 

2.  Available  in  identified  potent'13]  siles^^^ 

711.3 

1 .720  A 

3.  Joint  use  storage 

36.8 

212  S 

A.  Additional  storage  required^^^ 

63.5 

859  7 

NOTES:  (I)  Storage  capacity  required  to  provide  supplemental  flows  at  key  urban  locations  and  rural  conrunities  n 

upstrear  watershed  areas. 

{2}  Reraining  Monongahela  subbasin  share  of  storage  required  to  reduce  the  Ohio  River  Basin  Standard  Proiecl 
Flood  to  the  naximur  flood  stage  of  record. 

( 3)  See  f i gure  MO -1  . 

(1+)  Terrain  indicates  storage  sites  are  potentially  available. 
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TA8L6  HO-^ 

HONONCAHfLA  SU66ASIH 

SUHHAAV  ASSESSHCNT  Of  RESOURCE  DEVELOPMENT  REQUtREHENTS 

Additional  Requirement^*^ 

I960  ?020  (Accumolat've) 

Provided  in  Capital  Cost  Capital  Cost 

Prograr*  Elements Unit  Going  Program  Anwunt  (SI  .000) Amount (SI  .000) 

PART  I.  TO  BE  FURNISHED  BV  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 

A.  Streanflow  Control  and  In-Stream  Use 


1 , 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdravtai  and  Use 

1.000  Ac  Ft 

21*9 -2 

318.  1 

79.000 

657.8 

165.300 

2. 

Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1.000  Ac  Ft 
Mi  tes 
Miles 

1*36.8 

13.0 

16 

393-2 

2.1* 

5 

IDS. 800 
1 . 100 
800 

1,062.6 

(2) 

10 

269.600 

5.300 
1 ,600 

3. 

Navigable  Waterway 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

Mi les  of  Channe 1 
Miles  of  Channe 1 
Miles  of  Channe • 

Ml 

131 

0 

1 21* . 000 
0 

131 

131 

1 24  000 

30,000 

1*. 

Hydroelectric  Power  - 
Instal led  Capac i ty 

Megawatts 

70.1* 

1.222 

137.500 

(Assessed  on  a 
w i de  Bas  i s ) 

Bas in- 

B. 

Related  Programs 

1. 

Outdoor  Recreation^^^^**^ 

Million  Recreat Ion 
Days 

2.5 

2.0 

8,300 

8.6 

32.500 

2. 

Watershed  Project  Land  Treatment 
and  Management ( 5) 

1 .000  Acres 

79 

375.0 

9.1*00 

750.0 

18.700 

COSTS  - 

• PART  1 

1*65.900 

647,000 

PART  2. 

REMAINING  REQUIREMENTS. 

A. 

StreamfloM  Control  and  In-Stream  Use^^^ 

1 , 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

- 

0 

0 

605.7 

154.400 

2. 

Storage  for  Control  of  Flood  Flows 

1 .000  Ac  Ft 

- 

63.5 

16,200 

251*. 0 

64,800 

3. 

Hydroelectric  Power 

(Assessed  on  a Bas 

iin-wide  Basis) 

B. 

Related  Programs 

1 . 

Outdoor  Recreat 

Mi  1 1 ion  Recreation 
Days 

- 

12.2 

hi .900 

32.9 

.112,400 

2. 

Fish  and  Wi Idl »fe 

a.  sport  f ishina^^^^^^ 

b . hunt i ngf  3 ) ( 7} 

c.  commercial  fishery 

Mill  ion  Angler  Deys 
Million  Hunter  Deys 

0.37 
1 .80 

o o 

100  0.15 

1,800  0.80 

(Assessed  on  a Basin-wide  Basis) 

500 

2.600 

C. 

Land  Treatment  and  Management 

1 . 

Lands  Outside  Watershed  Projects 

1 ,000  Acres 

- 

1*76.2 

11,900 

1.1*92.5 

37.300 

2. 

Irrigation  (Acres  to  be  Irrigated) 

1 ,000  Acres 

0.2 

1 . 1 

100 

2.5 

200 

3. 

Drainage 

1 ,000  Acres 

81* 

1*5.2 

6.600 

1*8.9 

7.200 

COSTS  - 

PART  2 

78,600 

379.600 

TOTAL  COSTS  - (PARTS 

1 ANO  2) 

sCTsoo 

1 

.026.600 

NOTES: 

(!) 

Requirement  in  addition  to  that  provided 

by 

going  development  programs. 

(2) 

Project  dimensions  not  defined  at  this  t 

ime 

(?) 

Costs  shown  are  for  initial  facilities  and 
land  cost.  Base  year  l%0. 

such  measures  as  may  be  required  to  implement  the  program,  and  do  not 

include  water  and 

related 

The  number  of  outdoor  recreation  days  shown 
ava  < lable  data . 

include  some  sport  fi 

shing  and  hunting  wh 

ich  could 

not  be  separately 

accounted  for  m 

(5) 

Land  area  and  costs  shown  are  for  total 
development  related  and  other  lands. 

land  treatment  and  management  requirements  In 

watershec 

1 projects  and  cover  both  water  resource 

(6) 

Specific  sites  to  provide  storage  capaci 

ty 

for  streamflow  control 

are  not  ident i T led . 

however. 

favorable  storage 

s i tes  are  potent  < 

ally 

ava i lable . 

(7)  Because  of  population  and  resource  dis t r i but  ions . remaining  subbasin  requirements  for  outdoor  recreation,  sport  fisbinq  and  bunting  not 
satisfied  by  Mater  resource  developments  may  require  a trade  off  with  adjacent  subbas'ms  or  satisfied  by  other  means. 
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BEAVER 


I.  Planning  Environment.  The  Beaver  River  subbasin,  situated  in 
northeastern  Ohio  and  northwestern  Pennsylvania,  contains  3,150  sauare 
miles,  or  about  two  percent  of  the  Ohio  Basin  study  area.  The  topography 
is  rolling  to  flat  with  much  of  the  land  in  crops  and  pasture.  The  cli- 
matic history  of  the  subbasin  Indicates  winter  snowfall  greater  than  the 
Ohio  Basin  average  and  frequent  summer  thunderstorms  with  intense  rainfall. 
However,  annual  runoff  is  less  than  the  average  for  the  Ohio  Basin.  Ex- 
tended droughts,  although  infrequent,  have  caused  major  crop  losses  and 
acute  water  shortages. 


The  Beaver  subbasin  was  part  of  the  territory  settled  in  the  late 
I700's  by  the  Connecticut  Land  Company.  The  soil  was  rich  and  the  forests 
and  wildlife  abundant,  giving  a basis  for  independent  survival.  Small 
urban  centers  and  rural  communities  stemmed  from  this  early  beginning. 
Migrants  concentrated  in  and  near  the  Lower  Mahoning  and  Shenanao  River 
Valleys.  The  economy  of  the  area  grew  rapidly  and  today  is  highly  indus- 
trialized. The  Mahoning  River  from  Warren  to  its  junction  with  the  Beaver 
River  is  lined  with  industrial  plants.  This  area  has  often  been  called 
the  "Little  Ruhr"  of  America.  The  subbasin  currently  has  nearly  900,000 
Inhabitants  concentrated  primarily  in  the  Youngstown  metropolitan  area. 


The  basin  contains  bog  ores,  coal  deposits  and  limestone.  Consequently, 
a considerable  portion  of  the  economy  has  developed  around  the  steel  pro- 
ducinq  and  related  industries.  The  Beaver  subbasin  has  about  five  percent 
of  the  labor  force  and  produces  5.7  percent  of  the  Ohio  Basin's  industrial 
output.  Projective  economic  studies  of  the  Ohio  Basin  indicate  that  the 
neneral  economy  of  the  Beaver  subbasin  will  experience  growth  in  the 
mechanical  and  electrical  machinery  trades.  However,  employment  in  the 
primary  metals  sector  is  expected  to  decrease  due  to  productivity  increases 
per  worker.  Unless  alternative  employment  is 
gration  of  these  skilled  workers  is  indicated 
of  the  basin  is  expected  to  continue  to  grow, 
for  the  overall  Ohio  Basin. 


supplied,  substantial  emi- 
through  1980.  The  population 
but  at  a lesser  rate  than 


2.  Demand  for  Water  and  Re  I ated  Functions  and  Servi ces . Base  year 
and  projected  increases  that  comprise  aross  demands  for  water  and  related 
functions  and  services  are  listed  in  table  BE-I . Principal  considerations 
in  determining  storage  capacity  requirements  for  control  of  streamflow  are 
provided  in  table  BE -2. 


The  concentration  of  economic  activity  from  Warren  and  on  downstream 
to  Youngstown  and  beyond  has  not  only  resulted  In  large  demands  for  water, 
flood  control,  navigation,  recreation,  and  other  water  oriented  functions 
and  services,  but  also  has  resulted  in  the  aggravation  of  problems  associ- 
ated with  municipal  and  industrial  waste  and  other  stream  pollution.  Heat 
from  industrial  operations  and  thermal  electric  generatinn  plants  situated 
along  the  streams  of  the  basin  have  caused  serious  water  temperature  problems. 
More  than  half  of  the  subbasin's  organic  waste  loads  originate  in  the 
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vicinity  of  Youngstown.  Improvement  of  water  quality  is  a major  concern 
throughout  the  Beaver  sub basin. 

Flooding  is  still  a problem  at  many  locations  along  the  industrial 
reaches  of  the  Mahoning  and  Shenango  Rivers  and  throughout  the  length  of 
the  Beaver  River.  Measures  to  control  erosion  and  reduce  flood  damages 
are  needed  in  upstream  watershed  and  downstream  floodplain  areas. 

Land  treatment  and  management,  drainage  and  irrigation  are  needed  to 
increase  agricultural  productivity  and  increase  rural  income. 

The  people  of  the  Beaver  Basin  are  in  need  of  additional  outdoor 
water-based  recreation  facilities.  If  projected  future  recreational, 
hunting  and  fishing  desires  are  to  be  satisfied,  further  sources  of  oppor- 
tunity will  be  needed. 

a.  Going  Program  Accomplishment.  Development  and  management  pro- 
grams instituted  by  Federal,  state  and  local  interests  have  generally  solved 
the  critical  problems  and  provided  for  most  urgent  needs.  A policy  of 
cooperation  and  coordination  between  the  State  of  Ohio  and  the  Commonwealth 
of  Pennsylvania  has  been  followed  to  develop  the  subbasin's  water  and  related 
land  resources. 

In  1965,  there  were  two  existing  Federal  multiple-purpose  reservoirs 
in  the  basin  and  two  under  construction.  In  total,  they  will  provide  302,900 
acre-feet  of  storage  for  control  of  floods  during  the  winter  season,  30,400 
acre-feet  for  water  supply,  114,000  acre-feet  for  low  flow  supplementation 
and  75,400  acre-feet  of  storage  in  joint  use  for  winter  flood  control  and 
for  other  purposes  In  the  summer.  Runoff  from  about  35  percent  of  the  total 
basin  area  would  be  controlled.  The  Pymatuning  multiple-purpose  reservoir, 
built  by  the  Commonwealth  of  Pennsylvania,  contains  84,000  acre-feet  of 
flood  control  storage.  Two  watershed  projects,  which  cover  about  120  square 
miles  and  include  ten  structures,  have  been  authorized,  one  of  which  is  com- 
pleted. Two  Federal  and  one  non-Federal  local  protection  projects  further 
control  damaging  flood  flows.  Pymatuning  Reservoir  and  the  City  of  Youngstown's 
Milton  Reservoir  have  a combined  storage  of  79,000  acre-feet  for  low  flow 
supplementation.  The  30,675  acre-feet  of  capacity  in  the  non-Federal 
Meander  Creek  Reservoir  is  regulated  to  meet  requirements  of  the  Mahoning 
Valley  Sanitation  District.  Flow  regulation  to  increase  streamflows  during 
low  flow  periods  has  aided  materially  in  reducing  temperature  problems  in 
the  Warren  to  Youngstown  reach  of  the  Mahoning  River.  Flood  damage  preven- 
tion afforded  by  flood  control  projects,  when  all  are  completed,  will  be 
about  13.3  million  dollars. 

Sufficient  water  generally  has  been  available  to  meet  demand;  but  by 
1980,  shortages  are  expected  to  arise,  particularly  in  the  Warren-Youngstown 
reach  of  the  Mahoning  River.  There  are  numerous  impoundments  for  local 
water  supply;  however,  flowing  streams  have  been  the  major  source  for  municipal 
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and  industrial  water.  Water  demand  by  rural  communities  and  that  for 
domestic,  livestock,  and  Irrigation  use  on  farms  have  been  met  except 
during  periods  of  prolonged  droughts.  Smaller  communities  and  rural  needs 
are  served  primarily  from  ground  water. 

As  of  1965,  there  were  no  hydroelectr ic  power  plants  in  the  subbasin. 

The  Beaver  River  and  Its  tributaries  have  not  been  developed  to  accomo- 
date waterborne  freight  traffic. 

Recreation  facilities  at  storage  sites  and  along  natural  streams  have 
been  provided  by  Federal  and  non-Federal  Interests.  Several  state  parks, 
forests  and  recreation  areas  exist  in  the  basin.  Develooment  and  management 
programs  have  been  put  Into  effect  to  Improve  land  cover  and  provide  facili- 
ties for  recreation,  hunting  and  fishing  throughout  the  basin.  Even  so, 
the  provision  of  opportunity  for  outdoor  recreation  has  not  kept  pace  with 
demand.  In  I960,  outdoor  recreational  activity  totaled  1.8  million  recrea- 
tion days,  and  fishing  and  hunting  910,000  angler  days  and  510,000  hunter 
days,  respectively. 

b.  Future  Demand.  Municipal  and  industrial  water  withdrawals 
are  projected  to  increase  over  2.5  times  by  2020,  increasing  from  sliahtly 
more  than  I billion  gallons  per  day  in  I960  to  2.6  billion  gallons  per 
day.  Withdrawals  to  satisfy  electric  power  cooling  reguirements  are 
expected  to  increase  40  percent  by  2020  to  an  average  of  660  million 
gallons  per  day.  Demand  for  water  In  rural  areas  was  about  29  m.g.d. 
as  inventoried  in  I960;  by  2020  demand  is  projected  to  be  about  40  m.g.d., 
or  a moderate  increase  of  35  percent. 

By  the  year  2020,  waste  loads  in  rivers  are  projected  to  increase 
about  2.2  times  the  I960  average,  and  to  absorb  them  without  degrading 
water  guality  beyond  acceptable  limits,  greater  streamflows  will  be  re- 
gu i red. 

About  85  percent  of  the  potential  average  annual  damages  from  flood 
flows  would  be  prevented  by  flood  control  works  In  the  going  program. 
However,  much  of  the  basin  flood  plain  area  is  unprotected  or  needs  addi- 
tional protection.  Protection  works  and  management  programs  will  be  needed 
to  prevent  potential  flood  damages  three  times  the  1965  residual  annual 
average  with  conditions  of  flood  plain  development  projected  for  2020. 

Based  on  recent  studies,  3.5  billion  ton-miles  of  freight  would  move 
by  2020  on  the  subbasin  section  of  a potential  new  waterway  linking  the 
Ohio  River  and  Lake  Erie. 

Additional  electric  power  generation  will  be  regulred  to  support  In- 
dustrial expansion  and  the  general  growth  of  the  economy.  By  2020,  It  Is 
estimated  that  hydroelectric  power  plants  could  be  efficiently  utilized  to 
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provide  about  10  percent  of  the  total  capacity  requirements  In  the  Ohio 
Basin.  The  amount  that  can  bo  supplied  mIII  vary  by  subbasin. 

By  2020,  land  area  requiring  treatment  and  proper  management  for 
efficient  use  Is  projected  to  Increase  737,000  acres  over  and  above  that 
taken  care  of  In  upstream  watershed  projects  In  the  going  program.  Approxi- 
mately eighteen  thousand  acres  of  strip-mined  land  are  In  need  of  rehabili- 
tation. By  2020,  the  Irrigated  land  area  Is  projected  to  Increase  from  500 
to  2,500  acres,  whereas  land  that  may  be  economically  drained  may  Increase 
131,000  acres  over  the  I960  base  year  amount. 

The  demand  for  outdoor  recreational  opportunities  is  predicted  to 
increase  an  additional  46.2  million  recreation  days  by  2020  or  nearly  27 
times  that  supplied  In  I960.  This  demand.  In  conjunction  with  Increased 
pressure  for  hunting  and  fishing  opportunity,  will  require  full  use  of 
water  and  lands  affiliated  with  water  resource  development. 

3.  Resources  Availability.  The  water  resource  development  potential 
of  the  Beaver  Basin  Is  considerable,  but  must  be  carefully  utilized.  Annual 
surface  runoff  ir  adequate,  many  small  reservoir  sites  are  available  and 
ground  water  supplies  are  sufficient  to  serve  moderate  demands  In  most 
areas. 

Eagle  Creek  Reservoir  site  has  been  Investigated  In  some  detail  and 
could  orovide  an  est|l,^ated  121,000  acre-feet  of  storage.  The  Grand  River 
Reservoir  could  provide  2.2  million  acre-feet  of  storage.  The  Grand  River 
Reservoir,  although  outside  of  the  Beaver  subbasin.  Is  in  a strategic 
location  and  could  contribute  siqni f Icantly  to  the  control  of  flows  on  the 
Mahoning,  Heaver  and  Ohio  Rivers.  Runoff  from  900  square  miles  of  the 
Beaver  subbasin  could  be  diverted  In  time  of  flood  to  be  later  released 
during  low  flow  periods.  Storage  space  would  be  available  for  five  Inches 
of  runoff  from  the  Mahoning  Basin  above  Youngstown. 

Five  potential  watershed  projects  covering  905  square  miles  have 
been  identified.  These  Include  32  detention  structures. 

Ground  water  in  large  supplies  Is  available  In  the  northern  part  of 
the  subbasin.  In  the  central  and  southern  parts  of  the  subbasin,  aquifers 
yield  intermediate  supplies;  but  larger  yields  can  bo  developed  in  a few 
sma 1 1 areas. 

Scenic  and  wooded  areas  are  available  in  the  basin  for  outdoor  recrea- 
tion development  and  wildlife  management,  and  If  access  to  attractive 
locations  is  improved,  recreational  opportunity  can  be  considerably  enhanced. 

The  hydroelectric  power  potential  of  the  Beaver  subbasin  has  not  been 
fully  Investigated;  therefore,  the  amount  of  feasible  hydroelectric  power 
capacity  Is  largely  unknown.  The  Identified  undeveloped  potential  amounts 
to  100  mw. 
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4.  Assessment  of  Resource  Development  Regu I rements.  Prtncioal  water 
supply,  water  qua  I I ty  and  flood  problem  areas,  toae+her  with  reservoirs 
and  upstream  watershed  projects  In  the  aoinq  proaram  of  development,  and 
those  identified  as  potential  future  projects,  are  shown  on  the  subbasin 
map,  figure  BE-I,  Summary  data  for  nroiects  in  the  aoinq  program  are 
given  in  Appendix  K,  tables  15  through  21  and  for  Identified  potential 
projects  In  tables  24  through  28.  The  relationship  of  problem  areas  and 
projects  In  the  going  program  Is  shown  schemat lea  I I v In  figure  BE-2,  and 
key  data  relating  to  problem  areas  are  given  In  table  BE-2.  The  schematic 
diagram  was  used  for  general  orientation  in  analyzing  problems  and  needs 
and  establishing  development  reguirements  for  st-eamflow  control.  An 
accounting  of  storage  capacity  for  streamflow  control  is  given  in  table 
BE-3.  Results  of  the  subbasin  assessment  to  determine  the  magnitude  and 
costs  of  resource  development  reguired  to  satisfy  pro  iected  demands  for 
water  and  related  functions  and  services  are  summarized  In  table  BE-4. 

a.  Requ i rements  to  be  Turn  I shed  ^ Identi f led  Resource  Potential . 
Analysis  of  demands  for  waT^r  and  related  f unct ! ons  and  services  and  of  fhe 
means  whereby  these  demands  can  be  satisfied  Indicates  that  to  solve  water 
supply,  water  quality,  and  flood  problems,  development  of  additional  storage 
capacity  for  streamflow  control  will  be  reguired;  also,  further  local  pro- 
tection projects  and  channel  Improvements  will  be  reguired  In  several  loca- 
tions, either  singly  or  in  combination  with  streamflow  regulation,  to  better 
cope  with  flood  problems. 

Total  storage  capacity  required  to  provide  streamflow  control  Is 
estimated  to  be  1,088,600  acre-feet  in  addition  to  the  amount  that  will 
be  made  available  upon  completion  of  the  going  program.  Of  this  amount, 
481,400  acre-feet  of  reservoir  capacity  ran  be  provided  bv  the  identified 
resource  potential  for  control  of  floodflows;  405,000  acre-feet  would  be 
provided  In  the  Grand  River  Reservoir,  ^5,000  acre-feet  in  Eagle  Creek 
and  43,400  acre-feet  distributed  in  5 potential  watershed  projects.  In 
addition,  the  location  of  two  local  pretection  projects,  and  8 miles  of 
channel  improvements  In  watershed  areas  are  Identified.  About  195,400 
acre-feet  of  identified  storage  capacity  can  he  provided  to  make  water 
available  to  supplement  streamflows  during  low  flow  periods.  In  addition 
to  the  foregoing  specific  amounts  of  storage  capacity,  96,300  acre-feet 
of  reservoir  space  is  available  for  joint  use.  Storage  capacity  provisions 
for  streamflow  supplementation  are  limited  to  amounts  which  are  bovond  the 
capability  of  available  surface  flews  and  ground  water  sources  to  satisfy 
demands.  The  ground  water  potential  is  considered  adequate  to  provide  198 
million  gallons  per  day  toward  satisfying  2020  water  regu i rements. 

Canalization  of  the  Reaver  and  Vahonjng  Rivers  would  be  part  of  a 
potential  now  waterway  which  would  link  the  Ohio  River  and  Lake  Erie  via 
Grand  River  Reservoir.  Slx^y-one  miles  of  the  120-mile  waterroute  would 
be  In  the  Beaver  River  subbasin  with  the  rest  extending  into  the  Great  Lakes 
drainage.  The  canal  would  satisfy  a substantial  demand  for  low-cost  water 
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transport  by  Industry  in  the  valleys  of  the  Mahoning  and  Beaver  Rivers  and 
would  also  meet  the  need  for  waterborne  bulk  commodity  movements  between 
Great  Lakes  ports  and  docks  throughout  the  Ohio  and  Mississippi  River  sys- 
tems. Realization  of  the  project,  however,  will  depend  upon  socio-economic 
issues  not  yet  resolved. 

The  identified  hydroelectric  power  potential  of  100  megawatts  installed 
capacity  should  be  useable  before  1980  to  meet  a portion  of  the  growing  Ohio 
Basin  power  requirements;  Inclusion  of  the  power  potential  as  an  element  of  j 

water  resource  development  Is  based  on  judgment  that  the  installation  will  I 

prove  to  be  desirable  and  economically  feasible  in  comparison  to  alternative 
sources  of  power  supply. 

Total  area  in  potentially  feasible  upstream  watershed  projects  is 
about  579,000  acres.  Of  this  amount,  it  is  estimated  that  approximately 
262,000  acres  of  cropland,  pasture,  and  woodland  will  require  treatment 
and  management  to  enhance  land  productivity  and  serve  other  beneficial 
purposes.  Retardation  of  runoff,  control  of  erosion,  and  reduction  of  sedi- 
ment transport  to  streams  are  important  considerations. 

The  improvement  of  water  quality  in  the  streams  and  the  availability 
of  reservoirs,  impoundments,  and  other  developments  would  provide  potential 
opportunities  for  over  23  million  outdoo*"  recreation  days  annually  if  access 
and  facilities  are  made  available.  Of  this  amount,  the  Grand  River  Reservoir 
could  provide  opportunity  for  20  million  days  of  outdoor  recreation  annually. 

b.  Rema i n I ng  Requi rements . The  178,500  acre-feet  of  storage 
capacity  required  to  supplement  streamflows  during  low  flow  periods  includes 
increments  to  serve  localized  areas  not  Identified  by  specific  location  of 
need  and  provide  stream  regulation  in  several  identified  areas  of  need,  but 
for  which  storage  developments  are  not  identified. 

Storage  capacity  that  can  be  made  available  in  Identified  potential 
projects  is  sufficient  to  provide  for  subbasin  flood  control  requirements 
and  would  also  furnish  a portion  of  the  capacity  required  for  flood  stage 
reduction  on  the  Ohio  River.  The  137,000  acre-feet  for  which  additional 
development  will  be  required  is  the  remaining  amount  needed  in  the  Beaver 
subbasin  to  assist  in  regulating  the  Ohio  River  Standard  Project  Flood  to 
the  maximum  flood  stage  of  record.  3 

Additional  outdoor  water-based  recreation  facilities  and  fishing  oppor- 
tunity will  be  required  to  supply  demands  of  the  people  in  the  Beaver  sub- 
basin. Also,  new  and  improved  facilities  in  the  Eieaver  subbasin  could  help 
supply  the  outdoor  recreational  needs  of  the  adjacent  Pittsburgh  Standard 
Metropolitan  Statistical  Area  (SMSA)  where  resources  are  relatively  lackino. 

The  extent  to  which  demand  for  outdoor  recreation  and  fishing  opportunity 
can  be  satisfied  beyond  that  provided  by  identified  developments  has  not 
been  assessed.  The  surplus  in  hunting  opportunities  projected  through  1980 
could  be  utilized  by  people  in  adjacent  subbasins. 
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Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  potential  watershed  projects,  with  the 
exception  that  lands  to  be  Irrigated  or  drained  may  be  located  In  or  outside 
watershed  projects.  By  the  year  2020,  approximately  475,000  acres  of  crop- 
land, pasture,  and  woodland  would  be  subject  to  treatment  and  management 
measures,  some  of  the  more  common  being  contour  farming  of  all  types, 
controlled  grassland  farming,  and  Improved  forest  management  and  utilization. 
These  lands  are  accounted  for  In  the  general  inventory  of  requirements  but 
are  not  identified  by  specific  location. 
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BEAVER  SUBBASIN 

DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease^  * ^ 

iVn  ( t 

Amount 

1980 

2020 

Water  WI thdrawa 1 

Municipal  and  1 ndust r ia 1 

Million  Gallons  Per  Day 

1,054.2 

279.8 

1 ,609.8 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

467 

0 

190 

Rura 1 Commun 'ties 

Million  Gallons  Per  Day 

24.8 

0.4 

8.2 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

3.55 

0 

1.03 

c 

o 

Million  Gallons  Per  Day 

0.3 

0.1 

0.9 

Stream  Assimilation  of 
Organic  Waste  Effluent'^' 

1 ,000  Population 
Equivalents 

132.5 

32.5 

162.6 

Flood  Damage  P revent i on ^5) 

Million  Dollars  Annually 

>3.34 

2.87 

6.77 

Waterway  Freight  Movement^^^ 

Million  Ton-MI les 
Annua  1 ly 

0 

600 

3,500 

Hydroelectric  Power  - 
1 nsta 1 led  CapacI ty 

Megawatts 

0 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

1 .8 

16.4 

46.2 

Sport  Fishing 

Million  Angler  Days 

0.91 

0.16(7) 

0.5o(7) 

Hun  1 1 ng 

Million  Hunter  Days 

0.51 

0 0) 

0.05(7) 

Commercial  Fishing 

(Assessed  on  a 

basin-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

77 

307 

737 

Dra i nage 

1 ,000  Acres 

29 

97 

131 

Irrigation  (Land  Area) 

1 ,000  Acres 

0.5 

0.4 

2.0 

NOTES: 


(1)  Base  year  amounts  plus  projected  increase  equals  gross  demands. 

(2)  Mining  Industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  A5  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (1980  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  Index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight . 


(7)  Net  requirements. 
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BEAVER  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


SUPPLEMENTAL  STREAMFLOW 

REQUIRED  AT  KEY  LOCATIONS  TO 

CONTROL  WATER 

QUALITY  (CFS) 

FIow(2) 

Supplemental 

Problem  Area^'^ 

Requ i red 

Flow  Provided  by 

Flow 

Reou i red 

St  ream 

1980 

2020 

Going  Program 

1980 

2020 

Al 1 iance,  Ohio 

Mahoning  River 

45 

70 

10 

35 

60 

Warren-Youngstown , Ohio 

Mahoning  River 

710 

875 

515 

>95 

360 

Butler,  Pa 

Connoquenness 1 ng  Creek 

52 

70 

10 

42 

60 

B.  WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (MGD). 


1 tern 

1980 

2020 

1.  Total 

wi  thdrawa 1 

280 

1 ,810 

2.  To  be 

provided  by  groundwater 

34 

198 

1 3.  Total 

consumptive  use 

8 

65 

C.  FLOOD  DAMAGE  AREAS. 

Location 


Residual  Damages 


(4) 


(Mill  ions  Pol lars) 


1 . 

Upstream  areas 

0.70 

2. 

Major  urban  areas^'^ 

0.12 

New  Castle,  Pa,  Neshannock  Creek 

3. 

Other  flood  plain  areas 

_LiL 

4. 

Total  subbasin 

00 

NOTES: 


Projected  to  2.87  in  i960  and  6.77  in  2020. 


(1)  See  figure  BE->  for  geographic  location  of  principal  problem  areas  and  figure  BE-2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 
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BEAVER  SUBBASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAHFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAH) 


Time  Period 

1980  ~ 2020 

Storage  (1^000  Ac  Fi) 

A.  WATER  QUALITY  CONTROL. 


1.  Storage  required^'^ 

73. '< 

129.6 

2.  Storage  provided  In  Identified  potential  sites 

3.  Additional  storage  required 

62.1 

115,6 

n.3 

16.2 

WATER  WITHDRAWALS. 

1.  Storage  required 

58.2 

360.6 

FLOOD  CONTROL. 

1.  Subbasin  and  Ohio  River  control  requirement 

‘tbS.h 

618.6 

2.  Storage  provided  in  identified  potential  sites 

631 . 1 

681  .6 

a.  for  solving  localized  problems 

b.  effective  in  controlling  both  subbasin  and  Ohio  River  flows 

(26.1) 

(605.0) 

(63.6) 

(638.0) 

3.  Additional  storage  requlred^^^ 

36.3 

137.0 

total  STORAGE  REQUIREMENT. 

1.  Water  quality  control,  water  withdrawals,  and  flood  control 

597.0 

1 ,088.6 

2,  Available  in  identified  potential  sites^^^ 

697.2 

676.6 

3.  Joint  use  storage 

_2Li 

4.  Additional  storage  required^^^ 

36.3 

315.5 

NOTES: 

(1) 

Storage  capacity  required 
upstream  watershed  areas. 

to  provide  supplemental  flows  at  key  urban  locations  and 

rural  communities  in 

(2) 

Remaining  Beaver  subbasin 
to  the  maximum  flood  stage 

share  of  storage  required  to  reduce  the  Ohio  River  Basin 
of  record. 

Standard  Project  Flood 

(3) 

See  f i gure  BE- ) . 

(6) 

Terrain  indicates  storage 

sites  are  potentially  available. 
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BEAVER  ^UBBASIN 

SUMMARY  ASSESSMENT  OF  RESOURCE  OEVELORMENT  REQUiREMENYS 


PART  TO  BE  fURMISHEO  BY  lOEHTIFIED  RESOURCE  POTENTIAL  WITHIN  SU6BASIH. 


A.  Streamflow  Control  and  ln«5tream  Use 


1, 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 .000  Ac  Ft 

319.8 

66.1 

16.300 

195.4 

49.200 

2. 

Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1 ,000  Ac  Ft 
Mi  les 
Mites 

310.7 

6.4 

0 

431.1 

0 

5 

108.200 

0 

100 

481.4 

(2) 

8 

122.300 

4.000 

200 

3. 

Navigable  Waterway 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

M 1 les  of  Channel 
M I les  of  Channe 1 
Miles  of  Channel 

0 

0 

0 

61 

690.000 

4. 

Hydroelectric  Power  - 
Instal led  Capac i ty 

Megawatts 

0 

100 

11.300 

(Assessed  01 
w i de  Bas is 

n a Bas  m- 
) 

B. 

Related  Programs 

1 . 

Outdoor  Recreation^^^^**^ 

Mill  ion  Recreation 
Days 

1.8 

20.6 

72.200 

23.0 

80,400 

2. 

Watershed  Project  Land  Treatment 
and  Management (3) 

1 .000  Acres 

77 

157.0 

- 3.900 

261.8 

6.600 

COSTS  - PART 

1 

212.000 

952.700 

PART  2. 

REMAINING  REQUIREMENTS. 

A. 

Streamftow  Control  and  In-Stream  Use^^^ 

1 . 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 .000  Ac  Ft 

- 

0 

0 

178.5 

45.500 

2. 

Storage  for  Control  of  Flood  Flows 

1 .000  Ac  Ft 

- 

34.3 

8.700 

137.0 

}4 . 900 

3- 

Hydroelectric  Power 

(Assessed  on  a Bas 

in-wide  Basis 

) 

B. 

Related  Programs 

I . 

Outdoor  Recreation^^^^^^ 

Million  Recreat ion 
Days 

- 

0. 1 

TOO 

23.2 

81.200 

2. 

Fish  and  Wildl ife 

a.  sport  fishinJ^H?) 

b.  hunting (3) (7; 

c.  connercial  fishery 

Mill  ion  Angler  Days 
Million  Hunter  Days 

0.91 

0.51 

0. 16 
0 

600 

0 

(Assessed  on  a Bas 

0.50 

0.05 

in-w 1 de  Bas  >s' 

1 .800 
200 

) 

C. 

Land  Treatment  and  Management 

I . 

Lands  Outside  Watershed  Projects 

1 . 000  Acres 

- 

149.5 

3.700 

475.3 

n . 900 

2. 

Irrigation  (Acres  to  be  Irrigated) 

1 .000  Acres 

0.5 

.6 

100 

2.3 

1.200 

3. 

Drainage 

1 ,000  Acres 

29 

98.6 

17.600 

125.3 

22.^00 

COSTS  - PART 

2 

30.800 

199.000 

TOTAL  COSTS  - (PARTS  1 AND 

2) 

242.800 

1 . 151 .700 

NOTES : 

(1) 

Reguircment  in  addition  to  that  provided 

by 

going  development  pr’>grams 

(2) 

Project  dimensions  not  defined  at  this  t 

Ime 

(3) 

Costs  shown  are  for  initial  facilities  and 
land  cost.  Base  year  I960. 

such  measures  as  may  be  required  to  implemt 

•ni  the  program,  and  do  not 

include  water 

and  related 

(M 

The  number  of  outdoor  recreation  days  shown 
aval lable  days . 

include  some  sport  fishing 

and  hunting  wh 

ich  could 

not  be  separately 

accounted  for 

(5) 

Land  area  and  costs  shown  are  for  total 
development  related  and  other  lands. 

land  treatment  and  management 

requirements  in 

watershed 

projects  and  cnve 

r both  water 

resource 

(6) 

Specific  sites  to  provide  storage  capac! 
avai lable. 

ty 

for  slreamftow  control  are 

not  i dent  if led . 

hiTwever . 

favorable  storage 

sites  are  potent. ally 

(7) 

Because  of  population  and  resource  distr 
satisfied  by  water  resource  developments 

ibutions,  remaining  subbasin  requirements  for 
may  require  a trade  off  with  adjacent  subbas 

outdoor  recreation,  spurt  f shinq  and  hunt-ng  not 
Ins  or  satisfied  by  other  means. 
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1.  Planning  Lnvironnent.  - The  Muskingum  ^iver  subbasin,  situated 
in  the  north-central  portion  ot  the  Ohio  Basin,  is  the  largest  drainage 
area  in  the  State  of  Ohio.  The  subbasin  contains  8,040  square  miles,  or 
five  percent  of  the  area  included  in  the  Ohio  Basin  study.  The  topography 
near  the  Ohio  River  is  rolling  to  rugged  ivith  much  of  the  land  heavily 
forested.  The  remainder  is  relatively  flat  with  the  exception  of  land 
adjacent  to  the  Muskingum  and  tributary  river  valleys. 

The  growing  season  is  about  average  for  the  Ohio  Basin.  The  subbasin 
has  a history  of  recurring  heavy  winter  and  spring  rains  and  summer  thunder- 
storms with  intense  rainfall.  Although  runoff  has  been  less  than  the  aver- 
age for  the  Ohio  Basin,  flooding  occurs  frequently.  In  contrast,  extended 
droughts,  although  infrequent,  have  caused  major  crop  losses  and  acute 
water  shortages. 

The  Muskingum  subbasin  was  settled  in  the  late  I700's.  Marietta, 
at  the  mouth  of  the  Muskingum  River,  became  the  first  settlement  on  the 
Ohio  River.  Frequent  flooding  at  this  city  caused  many  discouraged  settlers 
to  move  farther  west.  Some  of  the  early  immigrants  settled  in  the  highlands 
where  rich  soils  and  bountiful  forests  and  wildlife  made  conditions  ideal 
for  a self-contained  economy.  Wagon  trails  across  the  northern  portion 
of  the  subbasin  were  soon  developed.  Many  small  urban  centers  and  rural 
communities  stemmed  from  this  early  beginning.  Industrial  and  commercial 
activity  centered  around  an  agricultural  economy.  Zanesville  became  the 
largest  city  in  the  subbasin. 

The  subbasin  contains  large  commercial  coal  deposits,  gas,  oil,  salt, 
and  clay.  About  five  percent  of  the  Ohio  Basin's  total  population  reside 
in  the  Muskingum  subbasin.  They  produce  almost  six  percent  of  the  Ohio 
Basin's  industrial  output.  Projective  economic  studies  indicate  that 
the  general  economy  of  the  Muskingum  subbasin  will  continue  to  grow  at 
i a rate  comparable  to  the  overal I Ohio  Basin.  Lmployment  in  the  machinery 

[ and  electrical  equipment  industries  will  continue  to  increase  while  agri- 

cultural employment  will  decline. 

2.  Demand  for  Water  and  Related  Functions  and  Services.  - The  dis- 
tribution of  economic  activity  in  the  Muskingum  Basin  has  resulted  in 
widespread  demands  for  water,  flood  protection,  recreation,  and  other 
water  related  functions  and  services. 

• 

In  general,  water  supplies  are  adequate  in  quantity,  and  if  properly 
controlled,  are  sufficient  to  satisfy  future  demands;  but  the  gualitv  of 
surface  waters  and,  in  some  cases  ground  water,  is  unfavorable  for  many 
uses.  Acid  drainage  from  active  and  abandoned  mines  in  the  southwestern 
and  southern  portions  of  the  subbasin  has  degraded  much  of  the  streamflow. 
Chlorides  as  well  as  heat  from  industrial  activity  have  also  created  pol- 
lution problems.  Detailed  studies  will  be  required  to  define  solutions  to 
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mine  drainage  and  chioride  waste  problems.  Cooling  towers  for  dissipating 
waste  heat  from  thermal  generating  stations  will  undoubtedly  be  needed  in 
lieu  of  streams  for  disposal  of  waste  heat.  The  increased  consumptive  use 
must  be  made  up  by  stream  supplementation  or  provided  from  ground  water. 

Although  there  are  many  recreation  areas  in  the  Muskingum  subbasin, 
further  sources  of  opportunity  must  be  made  available  if  projected  recrea- 
tional desires  are  to  be  satisfied.  Also,  additional  fishing  and  hunting 
opportunity  will  be  reguired. 

In  order  to  reduce  sediment  loads  in  streams  and  impounded  waters, 
further  efforts  are  needed  to  reclaim  strip  mine  areas  and  to  control  e'"o- 
sion  on  agricultural  land  by  conservation,  treatment  and  management  measures. 

a.  Going  Program  Accomplishments.  - Development  and  management 
programs  by  Federal,  State  and  local  interests  have  generally  kept  pace 
with  most  of  the  critical  development  needs.  The  Muskingum  Conservancy 
District  made  early  application  of  concepts  leading  to  multiple-purpose 
use  of  water  and  related  land  resources.  Legislative,  research  and 
reclamation  efforts  have  been  initiated  to  solve  mine  drainage  problems 
and  control  erosion. 

There  are  15  existing  Federal  reservoirs  in  the  subbasin.  All 
but  Dover,  Bolivar,  Mohicanville  and  Mohawk  Reservoirs  have  recreation  pools. 
The  North  Branch  of  the  Kokosing  River  Reservoir  is  under  construction. 

These  provide  a total  of  1,604,000  acre-feet  of  storage  capacity  for  con- 
trol of  floods  and  4.4  thousand  acre-feet  of  storage  in  Joint  use  for 
other  purposes.  These  16  reservoirs  control  over  60  percent  of  the  total 
subbasin  area.  Four  major  and  two  small  local  protection  projects  con- 
sisting of  floodwalls,  levees  and  channel  improvements,  further  control 
damaging  flood  flows.  The  Chippewa  Creek  watershed  project  covers  188 
sguare  miles  and  contains  nine  detention  structures  and  provisions  for 
33  miles  of  channel  improvement.  The  project  provides  6,294  acre-feet  of 
flood  detention  storage  and  2,767  acre-feet  for  other  purposes.  Salt  Fork 
Reservoir,  under  construction  by  the  State  of  Ohio,  will  provide  water 
supply,  some  flood  control  and  recreation.  The  foregoing  developments 
would  reduce  average  annual  flood  damages  In  downstream  areas  from  $10.5 
million  to  about  $2.7  million  and  in  upstream  areas  from  $3.1  million  to 
about  $3.0  million. 


i 


r 
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Ground  wafer  within  the  subbasin  has  been  tapped  as  the  source  for 
about  60  percent  of  the  municipal  and  industrial  water  withdrawals.  Canton, 
the  largest  single  community  using  a ground  water  supply  accounts  for  about 
22  percent  of  the  total  municipal  use.  Also,  many  smaller  communities  and 
the  rural  areas  in  the  basin  are  served  primari ly  from  ground  water  sources. 
There  are  seven  non-Federal  reservoirs  for  water  supply;  three  of  these 
provide  recreational  opportunity. 
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Commerce  on  the  Muskingum  River  declined  because  of  the  inefficient 
outdated  locks.  This  caused  the  Federal  navigation  project  on  the  lower 
93  miles  to  be  discontinued  in  1954.  In  1958  the  locks  and  dams  and  adja- 
cent lands  were  transferred  to  the  State  of  Ohio  which  has  rehabilitated 
the  system  for  recreational  boating.  Completion  of  the  modern  Belleville 
Locks  and  Dam  on  the  Ohio  River  will  allow  the  removal  of  Dam  No.  I,  and 
providing  bridges  are  modified,  Ohio  River  tows  could  operate  in  the  lower 
reach  of  the  Muskingum  River.  A water  resources  study  on  the  Muskingum 
subbasin  is  presently  underway  by  cooperating  Federal  and  State  agencies 
and  is  to  be  completed  by  1970.  This  study  will  include  consideration  of 
a modern  commercial  navigation  system. 

Recreation  facilities  at  reservoirs,  along  streams,  at  parks  and 
forests  and  other  recreation  areas  exist  throughout  the  subbasin.  Develop- 
ment and  management  programs  have  been  put  Into  effect  to  improve  land 
cover  and  provide  facilities  for  recreation,  hunting  and  fishing  throughout 
the  subbasin.  Even  so,  the  provision  of  opportunity  for  outdoor  recreation 
has  not  kept  pace  with  demand.  The  Department  of  the  Interior  is  consider- 
ing a study  for  the  feasibility  of  a national  recreation  area  below  Zanes- 
ville. In  I960,  the  subbasin  provided  for  2.8  million  outdoor  recreation 
days,  1.5  million  angler  days  and  573,000  hunter  days  of  activity. 

b.  Future  Demand.  - Base  year  amounts  and  projected  increases 
in  demand  for  water  and  related  functions  and  services  which  will  inten- 
sify demand  for  further  use,  development  and  management  of  water  and  related 
land  resources  are  shown  In  table  MU- I . 

It  should  be  noted  that  by  2020  water  withdrawal  demand  will  be 
over  three  times  as  great  as  In  I960.  Stream  quality  problems  are  prevalent 
throughout  most  of  the  subbasin.  In  addition  to  organic  waste  many  streams 
are  polluted  with  chlorides,  mine  drainage  and  waste  heat.  Sufficient 
streamflow  to  provide  waste  assimilation  capacity  within  acceptable  stand- 
ards of  quality  will  be  needed  to  absorb  organic  waste  loads  that  are  pro- 
jected to  increase  more  than  threefold  by  2020.  ' 

Although  58  percent  of  the  total  potential  average  annual  damages  ! 

from  flood  flows  are  prevented  by  existing  flood  control  works,  only  three  J 

percent  of  the  damages  In  upstream  watersheds  are  prevented.  About  half  of  3 

the  dollar  value  of  remaining  potential  damages  in  the  subbasin  are  in  9 

upstream  areas.  Protection  works  and  management  programs  will  be  needed  | 

to  prevent  projected  2020  potential  flood  damages,  3.3  times  the  average  I 

annual  residual  that  existed  with  1965  levels  of  flood  plain  development.  I 

Additional  electric  power  generation  will  be  required  to  support  Indus- 
trial expansion  and  the  general  growth  of  the  economy.  By  2020,  it  Is 
estimated  that  hydroelectric  power  plants  could  be  efficiently  utilized 
to  provide  about  10  percent  of  the  total  capacity  requirements  In  the  Ohio 
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Basin.  Hydroelectric  generation  to  be  provided  in  the  Muskingum  subbasin 
will  likely  be  1 imi ted. 

Land  area  requiring  treatment  and  proper  management  for  efficient 
use  is  projected  to  Increase  to  nearly  2.5  million  acres  by  2020.  About 
37,000  acres  of  strip-mined  land  are  In  need  of  rehabilitation.  By  2020, 
the  irrigated  land  area  is  projected  to  increase  from  3,100  to  32,700  acres, 
whereas  land  that  may  be  economically  drained  may  reach  237,000  acres  in 
addition  to  the  306,000  acres  inventoried  in  I960. 

The  demand  for  outdoor  recreation  is  projected  to  increase  six  times 
by  2020.  This  demand,  in  conjunction  with  increased  hunting  and  fishing 
needs,  will  require  full  utilization  of  all  water  and  land  resource  poten- 
tials. 

3.  Resource  Availability.  - The  water  resource  development  potential 
of  the  Muskingum  Basin  is  substantial.  However,  remaining  reservoir  sites 
are  generally  small.  Annual  surface  runoff  is  sufficient  to  serve  projected 
needs,  if  control  led,  and  ground  water  supplies  are  good  in  most  areas. 

Ten  potential  reservoirs  with  an  estimated  287,200  acre-feet  capacity 
have  been  investigated  In  some  detail  and  are  currently  considered  feasible. 
Only  three  of  the  reservoirs  are  over  20,000  acre-feet  capacity.  There  are 
24  potential  upstream  watershed  projects  where  potential  storage  totaling 
1.2  million  acre-feet  can  be  developed. 

Ground  water  is  abundant  in  the  northern  and  western  sections  of  the 
basin  in  both  bedrock  and  glacial  drift  aquifers.  In  the  remainder  of  the 
basin,  large  supplies  are  available  only  from  sand  and  gravel  aauifers  in 
the  valleys  of  the  larger  tributary  streams. 

No  hydroelectric  power  sites  have  been  identified  in  the  Muskingum 
subbasin;  however,  the  hydroelectric  power  potential  has  not  been  fully 
investigated.  Therefore,  the  amount  of  hydroelectric  power  capacity  that 
might  become  feasible  In  the  future  is  unknown. 

There  are  many  scenic  and  wooded  areas  available  In  the  basin  for 
outdoor  recreation  development  and  wildlife  manaqement.  If  attractive 
facilities  are  provided,  recreational  opportunity  can  be  considerably 
enhanced. 

4.  Assessment  of  Resource  Development  Regui rements.  - Princioal  water 
supply,  water  quality  and  flood  problem  areas,  together  with  reservoirs 
and  upstream  watershed  projects  In  the  going  program  of  development,  and 
those  identified  as  potential  future  projects,  are  shown  on  the  subbasin 
map,  figure  MU- I . Summary  data  for  projects  in  the  going  program  are 
given  in  Aopendlx  K,  tables  15  through  21  and  for  Identified  potential 
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projects  in  tables  24  through  28.  The  relationship  of  problem  areas  and 
projects  in  the  going  program  is  shown  schematically  in  figure  MU-2,  and 
key  data  relating  to  problem  areas  are  given  In  table  MU-2.  The  schematic 
diagram  was  used  for  general  orientation  in  analyzing  problems  and  needs 
and  establishing  development  requirements  for  streamflow  control.  Table 
MU-3  contains  an  accounting  of  storage  capacity  for  streamflow  control. 
Results  of  the  subbasin  assessment  to  determine  the  magnitude  and  costs 
of  resource  development  required  to  satisfy  projected  demands  for  water 
and  related  functions  and  services  are  summarized  in  table  MU-4. 

a.  Requ 1 rements  to  ^ Furn I shed  by  I dent  I f led  Resource  Potent  la  I . - 
Analysis  of  future  requirements  in  Ihe  Muskingum  subbasin  1 nd 1 cates  the  solu- 
tion to  water  supply;  water  quality  and  flood  problems  will  require  addi- 
tional facilities  for  control  of  streamflows  and  possible  reallocation  of 
storage  in  existing  reservoirs.  Storage  space  required  by  2020  to  provide 
streamflow  control  is  estimated  to  be  1,738,800  acre-feet  in  addition  to 
the  amount  that  will  be  available  upon  completion  of  the  goinq  program. 

About  624,000  acre-feet.  Including  156,600  acre-feet  associated  with  water- 
shed projects,  will  be  required  for  control  of  flood  flows  and  about 
1,115,000  acre-feet  to  provide  for  low  flow  requirements. 

Storage  capacity  of  356,000  acre-feet  can  be  provided  in  ten  identi- 
fied reservoirs  and  several  potential  upstream  watershed  project  impoundments 
for  control  of  flood  flows.  In  addition,  one  major  local  protection  pro- 
ject, and  850  miles  of  channel  Improvements  dispersed  in  the  potential 
upstream  watershed  projects  would  provide  additional  flood  protection. 
Aggressive  prosecution  of  alternative  means  for  alleviating  the  damaginq 
effects  of  floods,  such  as  flood  plain  zoning,  flood  proofing.  Improved 
flood  forecasting  and  flood  plain  evacuation  procedures,  etc.,  should  be 
made  an  Integral  part  of  flood  damage  prevention  efforts. 

Twenty-three  areas  which  will  require  additional  water  to  meet 
withdrawal  demands  by  2020  have  been  identified.  There  are  14  areas  re- 
quiring flow  supplementation  for  water  quality  improvement  by  2020.  A 
higher  degree  of  waste  treatment  than  normal  will  probably  be  required  to 
eliminate  problems  in  some  areas.  The  needs  in  the  major  problem  areas 
can  be  met  by  existing  reservoirs  aided  by  new  strategically  located  reser- 
voirs and  some  joint  use  storage.  Identified  potential  reservoirs  can 
provide  200,700  acre-feet  of  storage  capacity  for  low  flow  supplementation 
of  which  about  143,000  acre-feet  Is  in  potential  upstream  watershed  projects. 
Storage  requirements  for  supplementation  of  flows  during  low  flow  periods 
were  established  giving  consideration  to  normal  streamflow  and  ground  water 
availability.  Storage  requirements  were  limited  to  needs  beyond  the  avail- 
ability of  those  alternative  sources  of  supply.  Over  110  million  gallons 
per  day.  In  addition  to  amounts  presently  taken  from  ground  water,  would 
come  from  wells  by  2020. 
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Total  area  In  potential  feasible  upstream  watershed  projects  Is 
about  2.6  million  acres.  Of  this  amount.  It  Is  estimated  that  approximately 
a million  and  a quarter  acres  of  cropland,  pasture,  and  woodland  will  require 
treatment  and  management  to  enhance  land  productivity  and  serve  other  bene- 
ficial purposes.  Retardation  of  runoff,  control  of  erosion,  and  reduction 
of  sediment  transport  to  streams  are  important  considerations. 

The  availability  of  clean  streams,  reservoirs.  Impoundments,  and 
other  Identified  resource  developments  would  provide  potential  opportunities 
for  over  12.9  million  outdoor  recreation  days  annually  if  access  and  facili- 
ties are  made  available.  Of  this  amount,  opportunity  for  5.8  million  annual 
recreation  days  would  be  made  available  in  potential  upstream  watershed 
projects. 


b.  Remalninq  Requirements.  - The  remaining  842,900  acre-.'eet  of 
storage  capacity  required  to  supplement  streamflows  during  low  flow  periods 
Includes  an  increment  of  water  required  In  localized  areas  not  identified 
by  specific  location  of  need  and  an  amount  to  provide  stream  regulation 
In  several  Identified  areas  of  need,  but  for  which  storage  developments 
are  not  Identified.  Reservoir  storage  potential  for  quality  control  is 
physically  limited.  It  has  been  provided  In  the  assessment,  but  may  prove 
more  costly  than  advanced  waste  treatment.  Reallocation  of  storage  may 
be  a logical  solution  and  should  be  explored  in  detailed  studies. 

Storage  capacity  that  can  be  made  available  in  identified  potential 
projects  is  sufficient  to  provide  for  subbasin  flood  control  requirements 
and  would  also  furnish  a portion  of  the  capacity  required  for  flood  stage 
reduction  on  the  Ohio  River.  The  268,000  acre-feet  for  which  additional 
development  will  be  reguired  is  the  remaining  amount  needed  in  the  Muskingum 
subbasin  to  assist  in  regulating  the  Ohio  River  Standard  Project  Flood. 

The  extent  to  which  demand  for  outdoor  recreational  opportunity  can 
be  satisfied  beyond  that  provided  by  Identified  developments  has  not  been 
assessed.  A portion  of  the  remaining  requirement  can  be  met  in  conjunction 
with  other  needed  water  resource  developments  in  the  subbasin.  The  rest 
will  likely  have  to  be  provided  by  single-purpose  recreation  lakes,  State 
and  local  parks,  and  private  developments.  For  a period  of  time,  oppor- 
tunities within  the  Hocking  subbasin  could  partially  alleviate  the  shortage 
of  opportunity  in  the  Muskingum  subbasin. 

Remaining  land  treatmem  and  management  requirements  are  associated 
with  the  general  land  base  outside  watershed  projects,  with  the  exception 
that  lands  to  be  irrigated  or  drained  may  be  located  In  or  outside  water- 
shed projects.  By  the  year  2020,  it  Is  estimated  that  approximately  l.l 
million  acres  of  cropland,  pasture,  and  woodland  will  be  In  need  of  treat- 
ment and  management  measures,  some  of  the  more  common  being  contour  farming 
of  all  types,  controlled  grassland  farming,  and  improved  forest  management 
and  utilization.  These  lands  are  accounted  for  in  the  general  inventory 
of  requirements  but  are  not  identified  by  specific  location. 
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MUSKINGUM  SUBBASIN 

DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

Increase^^) 

Uni  t 

Amount 

1980 

2020 

Water  Wi thdrawa 1 

Municipal  and  1 ndus t r i a 1 

Million  Gallons  Per  Day 

157.8 

110.7 

454.2 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

1 ,328 

252 

2,572 

Rural  Communities 

Million  Gallons  Per  Day 

42.1 

0.7 

15.9 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

10.81 

0.40 

7.21 

1 rrigation^^^ 

Million  Gallons  Per  Day 

1 .8 

1 .3 

15.5 

S t ream  Assimilation  of 
Organic  Waste  Effluent^^^ 

1 ,000  Population 
Equi va lents 

149.3 

94.6 

376.6 

Flood  Damage  Prevention(5) 

Million  Dollars  Annually 

7.85 

7.39 

19.15 

Waterway  Freight  Movement(^) 

Mi  1 1 ion  Ton-Mi les 
Annua  1 1 y 

0 

0 

0 

Hydroelectric  Power  - 
Instal led  Capacity 

Megawatts 

0 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

2.8 

26.8 

75.3 

Sport  Fishing 

Million  Angler  Days 

1 .50 

0.02(7) 

LA 

LA 

0 

Hunting 

Mill  ion  Hunter  Days 

0.57 

0.08(7) 

0. 19(7) 

Commercial  Fishing 

(Assessed  on  a 

bas i n-wi de  bas i s) 

Land  Treatment  and  Management 

1 ,000  Acres 

120 

925 

2,358 

Ora i nage 

1 ,000  Acres 

306 

191 

237 

Irrigation  (Land  Area) 

1 ,000  Acres 

3.1 

3.3 

32.7 

NOTES: 


(1)  Base  year  amounts  plus  projected  increase  equals  qross  demands. 

(2)  Mininq  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

(4;  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I98O  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
f re i ght . 

(7)  Net  requirements. 


TABLE  MU-2 


MUSKINGUM  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A,  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS) , 


Problem  Area(') 

Stream 

Reaui red 

1980 

F low(2) 
2020 

F low  P rovi ded  by 
Going  Program 

Supp 1 ementa 1 
F 1 ow  Requ i red 

1980  2020 

Barberton 

Tuscarawas  River 

55  . 

120 

20 

35 

100 

Mass! 1 Ion 

Tuscarawas  River 

75 

125 

68 

7 

57 

Orrvi 1 le 

Little  Chippewa  Creek 

18 

30 

0 

18 

30 

Ri ttman 

River  Styx 

1 1 

20 

0 

1 1 

20 

Wadsworth 

River  Styx 

1 1 

20 

0 

1 1 

20 

Canton 

Nimishi I len  Creek 

210 

320 

23 

187 

297 

Denni son-Uhri chsvi  1 le 

St i 1 Iwater  Creek 

18 

30 

0 

18 

30 

Shelby 

Black  Fork,  Mohican  River 

18 

30 

0 

18 

30 

Ashland 

Jerome  Fork 

40 

70 

2 

38 

68 

Mansf 1 el d 

Rocky  Fork,  Black  Fork, 

Mohican  River 

85 

150 

10 

75 

140 

Mount  Vernon 

Kokosing  River 

26 

45 

18 

8 

27 

Wooster 

Kill  buck  Creek 

40 

70 

8 

32 

62 

Newark 

Licking  River 

70 

120 

40 

30 

80 

Cambridge 

Wills  Creek 

22 

40 

0 

22 

40 

WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE 

(IN  ADDI 

TION  TO  THAT 

PROVIDED  IN  BASE  YEAR)  (MGD). 

1 tern 

1980 

2020 

1.  Total 

wi  thd rawa  1 

365 

3,065 

2 . To  be 

provided  by  groundwater 

30 

no 

3.  Total 

consumptive  use 

16 

118 

C.  FLOOD  DAMAGE  AREAS. 

Location 

1 . Upstream  areas 

2.  Major  urban  areas^*^ 

Mansfield,  Ohio,  Rocky  Fork 
Zanesville,  Ohio,  Muskingum  River 

3.  Other  flood  plain  areas 

4.  Total  subbasin 


Resi dua 1 Damages 
(Mill  ions  Pol lars) 

2.99 

0.18 


2.57 

5.74  Projected  to  7.39  in  198O  and  19,15  in  2020. 


NOTES: 


(1)  See  figure  MU-1  for  geographic  location  of  principal  problem  areas  and  figure  MU-2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  Industrial,  electric  power  cooling,  rural  corrYnunity,  rural  domestic 
and  livestock,  and  irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 


TABLE  MU-3 
MUSKINGUM  subbasin 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


A.  WATER  QUALITY  CONTROL. 


Ti^e  Period 

1980 2020 

Storage  (1,000  Ac  Fti 


1 . 

Storage  requ i red^ 

326. A 

592.3 

2. 

Storage  provided  in  identified  potential  sites 

3. 

Additional  storage  required 

272.1 

518.0 

B. 

WATER  WITHDRAWALS. 

1 . 

Storage  required 

116.0 

522.5 

C. 

FLOOD  CONTROL. 

1 . 

Subbasin  and  Ohio  River  control  requirement 

160. 3 

624.0 

2. 

Storage  provided  in  identified  potential  sites 

93.3 

356.0 

a.  for  solving  localized  problems 

(65.3) 

0 56.6) 

b.  effective  in  controlling  both  subbasin  and  Ohio 

River  flows 

(28.0) 

iisajcL 

3. 

Additional  storage  required(2) 

67.0 

268. C 

D. 

total  storage  requirement. 

1 . 

Water  quality  control,  water  withdrawals,  and  flood 

control 

602.7 

1,738.8 

2. 

Available  in  identified  potential  sites^^^ 

260.4 

556.7 

3. 

Joint  use  storage 

18.7 

71.2 

4. 

Additional  storage  required^^^ 

323.6 

1 ,110.9 

NOTES:  (1)  Storage  capacity  required  to  provide  supplemental  flows  at  key  urban  locations  and  rural  communities  in 

upstream  watershed  areas. 

(2)  Remaining  Muskingum  subbasin  share  of  storage  required  to  reduce  the  Ohio  River  Basin  Standard  Project 
Flood  to  the  maximum  flood  stage  of  record. 

(3)  See  figure  MU- 1 . 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 


TABLE  MU-A 


NUSKINGUH  SU68ASIM 

SUMMARV  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


Add • t i c na 1 

Reao  remen ' 

I960 

2020  (Ac>.. 

- u 1 c t V 

Rroaran  Eln'^»‘nts 

yail 

Provided 
Go! no  Proa 

ram. 

Cap ' tal  Cis^ 
(SI. 000) 

^ 

C^:  ■- 

'.00  1 

TO 

BE  FURNISHED  BV  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SU6BASIN, 

Streanflow  Control  and  ln-Strean<  Use 

1. 

Storage  For  Increasing  Flows  and 
Furnishing  Water  for  WitHdrawal  and  Use 

1 .000  Ac  Ft 

u.u 

167.1 

27,000 

200.7 

32.600 

2. 

Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  orotect'on  projects 

c.  channel  inprovement 

1 .000  Ac  Ft 
M i les 
Miles 

1 .610.0 
15.6 
33 

93.3 

0 

35^* 

30.500 

0 

7.100 

356.0 

(2) 

850 

90.500 
a joo 
17,100 

3. 

Navigable  Waterway 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepen ing  to  12  feet 

Mi  les  of  Channel 
Miles  of  Channel 
Miles  of  Channel 

91 

0 

0 

0 

0 

U. 

Hydroelectric  Power  - 
instal led  Capac i ty 

Megawatts 

0 

0 

0 

(Assessed  on 
wide  Bas  is ) 

a Bas  >n- 

Rel 

ated  Programs 

r. 

Outdoor  Recreaf 

Million  Recreation 
Oays 

2.8 

2.8 

10.000 

12.9 

4u.600 

2. 

Watershed  Project  Land  Treatment 
and  Management(5) 

1 ,000  Acres 

120 

524.5 

13.100 

1 .257.7 

31 .400 

COSTS 

- PART  1 

87.700 

224.300 

REMAINING  REQUIREMENTS. 

Streanflow  Control  and  In-Strean  Use^^^ 

1 . 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

- 

256.6 

65.400 

842.9 

214.900 

2. 

Storage  for  Control  of  Flood  Flows 

1 .000  Ac  Ft 

- 

67.0 

17.100 

268.0 

68.300 

3. 

Hydroelectric  Power 

(Assessed  on  a Basin^Mide  Basis) 

Related  Programs 

1 . 

Outdoor  Recreat 

M»  1 1 ion  Recreat ion 
Oays 

- 

24.0 

03.600 

62.4 

217.700 

2. 

F i sh  and  W i 1 dl 1 f e 

a.  sport  f ishino^^^^^^ 

b.  huoting{3)(7j 

c.  commercial  fishery 

Mill  ion  Angler  Days 
Million  Hunter  Days 

1.50 

0.57 

0.02 

0.08 

100  C.55 

300  0.19 

(Assessed  on  a Basin-vide  Basis) 

1 .900 
700 

Land  Treatment  and  Management 

1 . 

Lands  Outside  Watershed  Projects 

1 ,000  Acres 

- 

400.8 

10.000 

1.100.5 

27.500 

2. 

Irrigation  (Acres  to  be  Irrigated) 

1 .000  Acres 

3.1 

3.4 

300 

32.8 

3.000 

3. 

Drainage 

1 ,000  Acres 

306 

168.8 

26.200 

206.9 

32.100 

COSTS  ■ 

. PART  2 

203.000 

566 . 1 00 

TOTAL  COSTS  - (PARTS 

1 AND  2) 

240.700 

■'40.400 

0) 

Reguirement  in  addition  to  that  provded 

by 

going  dcvelooment  programs. 

(2) 

Project  dimensions  not  defined  at  this  t 

ime. 

(3) 

Costs  shown  are  for  initial  facilities  and  such  measures  as  may  be  required  to 
land  cost.  Base  year  I960. 

imolement  the  program,  and  dn  not 

include  water  and  related 

«•) 

The  number  of  outdoor  recreation  days  shown 
aval lable  data. 

include  some  sport  fi 

ishing  end  hunting  wh 

iCh  could 

not  be  separately 

accounted  for  i 

(5) 

Land  area  and  costs  shown  are  for  total 
development  related  and  other  lands. 

land 

treatment  end  management  requirements  in 

watershed 

'■  projects  and  cover  both  water  resource 

(6) 

Specific  sites  to  provide  storage  capacity  for  streamffow  control 
avai lable. 

are  not  ident 

i * ed . 

however. 

favorable  storage 

sites  are  potential ly 

(7) 

Because  of  popuietion  and  resource  distrlbut 
satisfied  by  water  resource  developments  may 

ions,  remaining  subbasin  requirements  for  outdoor  recreetlon.  sport  fishing  and  hunt 
requira  a trade  off  with  adjacent  Subbasins  or  satisfied  bv  ether  means. 

•ng  net 

chippema 


P'fiaci 
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KANAWHA  AND  LITTLE  KANAWHA 


1.  Planning  Environment.  The  Kanawha  and  Little  Kanawha  subbasins, 
situated  in  the  southeasterly  portion  of  the  Ohio  Basin,  lie  mostly 
within  the  Appalachian  Plateau,  The  topography  Is  rolling  to  rugged  with 
much  of  the  land  heavily  forested.  The  highest  altitude,  5,700  feet,  is 
in  the  Blue  Ridge  Mountains,  The  Kanawha  subbasin  lies  principally  In 
West  Virginia  with  about  30  percent  of  the  headwaters  in  western  Virginia 
and  North  Carolina.  The  Kanawha  subbasin  contains  12,200  sguare  miles 
and  the  Little  Kanawha,  lying  entirely  In  the  State  of  West  Virginia,  con- 
tains 2,320  square  miles.  Together,  they  encompass  nearly  nine  percent 

of  the  area  included  In  the  Ohio  Basin  study. 

The  two  subbasins  have  a history  of  recurring  heavy  snowfall,  wide- 
spread heavy  rains,  occasionally  from  hurr i cane- i nf I uenced  storms,  and 
local  intense  rainfall  during  summer  thunderstorms.  Extended  droughts, 
although  Infrequent,  have  caused  crop  losses  and  acute  water  supply 
shortages.  Runoff  has  been  greater  than  the  Ohio  Basin  average  and 
contributes  materially  to  flooding  in  the  Ohio  River.  About  seven  per- 
cent of  the  flood  damages  within  the  Ohio  Basin  are  accounted  for  in  the 
Kanawha  subbasin. 

The  Kanawha  subbasin  was  known  to  settlers  of  Virginia  as  early  as 
1634.  A portage  of  only  a few  miles  linked  the  waters  of  the  James 
River  in  Virginia  with  those  of  the  Great  Kanawha.  When  first  settled, 
the  Kanawha  subbasin  was  covered  with  extensive  stands  of  valuable  timber 
and  possessed  large  reserves  of  coal,  salt,  oil  and  natural  gas.  This 
combination  of  resources  led  to  the  develooment  of  important  mining  and 
chemical  industries.  Today  the  banks  of  the  navigable  reach  of  the 
lower  Kanawha  near  Charleston,  West  Virginia  are  lined  with  manufacturing 
and  industrial  plants  producing  a varied  number  of  products. 

The  Kanawha-Little  Kanawha  subbasins  contain  4,7  percent  of  the  j 

population  and  four  percent  of  the  labor  force  in  the  Ohio  Basin  study  ' 

area,  and  produce  3.6  percent  of  the  industrial  output.  Projective  ' 

economic  studies  of  the  Ohio  Basin  indicate  that  the  Kanawha  and  Little 
Kanawha  subbasins  will  maintain  a relatively  constant  position  in 
relation  to  the  total  Ohio  Basin  economy.  Although  coal  production  is 
expected  to  increase  and  present  minino  employment  double,  only  four  per- 
cent of  the  labor  force  will  be  engaged  in  mining  by  |d80.  Largest  j 

employment  is  expected  to  be  in  the  construction  industry  and  In  chemical,  ^ 

lumber  and  furniture,  and  apparal  manufacturing.  ij 

2.  Demand  for  Water  and  Re  I ated  Funct i ons  and  Sery i ces . The  concen-  9 

tratlon  of  economic  activity  In  the  downstream  portion  of  the  Kanawha  3 

River  has  resulted  in  large  demands  for  water,  flood  control,  recreation, 

navigation  and  other  water  related  functions  and  services,  and  the  aggre- 
vation  of  problems  associated  with  municipal  and  Industrial  waste  and 
other  stream  pol lution. 
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Improvement  of  water  quality  Is  a major  concern  throughout  the 
Kanawha  subbasin.  The  quality  of  surface  waters,  and  In  some  cases 
ground  water,  is  unfavorable  for  many  uses.  Tastes  and  odors  render 
some  of  the  waters  unfit  for  domestic  use.  Dissolved  oxygen  often  is 
completely  exhausted  in  some  reaches  of  the  Kanawha  River  for  several 
weeks  each  year.  Drainage  and  sediments  from  active  and  abandoned 
mines  further  degrade  the  streamflow.  Approximately  14  oercent  of  the 
municipal  and  industrial  water  withdrawal  requirement  in  the  Ohio  River 
Basin  with  a corresponding  requirement  for  assimilation  of  waste 
effluent  is  concentrated  in  the  highly  industrialized  lower  portion  of 
the  Kanawha  subbasin. 

Flooding  is  still  a problem  at  several  locations.  Average  annual 
potential  damages  are  high  in  the  Charleston-St.  Albans-Nitro  area. 

There  are  no  major  flood  damage  centers  in  the  Little  Kanawha  subbasin 
but  protection  in  upstream  areas  and  additional  measures  for  erosion 
control  are  needed. 

The  people  of  the  Charleston  metropolitan  area  are  in  need  of 
additional  outdoor  water-based  recreation  facilities.  If  predicted 
future  recreational  desires  are  to  be  satisfied,  further  sources  of 
opportunity  will  be  required.  Realization  of  the  substantial  poten- 
tial for  recreation  development  within  the  subbasins  will  necessitate 
the  provision  of  ready  access  to  the  resource  areas  and  the  construction 
of  adequate  facilities. 

The  mining  industry  with  large  coal  reserves  in  the  basin  together 
with  the  chemical  industry  depend  on  the  availability  of  low-cost  trans- 
portation for  the  transport  of  bulk  commodities.  Manufacturing  output 
in  the  area  along  the  Kanawha  River  Valley  is  projected  to  grow  I 10 
percent  during  the  period  I960  to  I960  and  growth  in  mining  output  about 
76  oercent.  This  development  would  increase  river  traffic  nearly  2.5 
times.  Early  modernization  of  the  entire  navigable  reach  will  be  essen- 
tial to  provide  waterway  capacity  to  support  expansion  of  the  chemical 
industry  in  the  valley  and  the  development  of  the  vast  local  coal 
reserves . 


a.  Goi nq  Program  Accomp I i shment.  Efforts  have  been  made  by 
Federal,  state  and  local  interests  to  solve  mine  drainage  problems,  con- 
trol chemical  and  organic  waste  pollution  of  streams,  prevent  flooding. 
Improve  the  naviaable  waterway  and  provide  for  outdoor  recreation,  sport 
fishing  and  hunting  demands.  Programs  for  land  management,  and  fish  and 
wildlife  preservation  have  been  in  effect  for  some  time. 

As  of  July  1965,  two  Federal  reservoir  projects  were  complete  and 
in  operation  in  the  Kanawha  subbasin  and  one  was  under  construction. 
These  reservoirs  with  1,252,000  acre-feet  of  flood  storage  space  and 
229,000  acre-feet  of  joint  use  space,  control  the  run-off  from  about  40 
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percent  of  the  suhbasin  dralnaae  area.  In  addition,  three  major  local 
protection  projects  were  complete  and  five  unstream  watershed  projects 
with  provisions  for  flood  water  detention  and  channel  improvements  had 
been  authorized.  Two  small  local  protection  projects  were  complete  and 
two  under  construction.  In  the  Little  Kanawha  subbasins,  one  small 
local  protection  project  was  complete  and  two  upstream  watershed  projects 
had  been  authorized.  The  forenoinq  projects  would  prevent  10.7  million 
dollars  averaqe  annual  damaqes  under  1965  conditions  of  flood  plain 
deve I opment . 

F I ow I nn  streams  within  the  two  subbasins  have  been  tapped  as  the 
principal  source  for  electric  power  coolinq  water  and  major  municipal 
and  industrial  water  withdrawals.  Existinq  impoundments,  in  most  cases, 
have  been  associated  with  the  provision  of  small  public  sources  of 
water  supply.  About  27  percent  of  municipal  and  industrial  water 
requirements  and  nearly  all  of  rural  area  withdrawals  are  taken  from 
qround  water  sources. 

Throe  locks  and  dams  on  the  Kanawha  River  in  combination  with  the 
Gal  I i po I i s dam- lock  unit  on  the  Ohio  River  prov i de  OQ .6  miles  of  slack 
water  for  transport  of  waterborne  freiqht.  These  units,  in  conjunction 
with  channel  dredoinq,  assure  a minimum  9-foot  depth  in  the  canalized 
reach  of  river.  The  practical  physical  capacity  of  the  Kanawha  waterway 
is  about  90C  million  ton-miles  of  transporf  annual  Iv. 

There  are  seven  pr i vate I v-owned  hydroelectric  power  plants  with  a 
total  installed  capacity  of  250.7  meqawatts;  all  are  in  +he  Kanawha 
subbasin.  These  plants  represented  nearly  one  fourth  of  fhe  total 
hydroelectric  power  installed  in  the  Ohio  River  Basin. 

Recreational  facilities  have  been  provided  at  reservoirs,  alone 
natural  streams  and  i " sta+e  and  national  ■^crests  by  Federal  and  non- 
^ederal  interests,  '^ore  than  40  state  parks,  forests  and  recreation 
areas  exist  in  the  subbasins.  In  I960,  water  related  recreational 
activity  amounted  to  4.7  million  recreation  days  and  2.7  million  hunter 
days  and  870  thousand  anqler  days  of  huntinq  and  fi shine. 

b.  ’^uture  Demand . Base  year  amounts  and  projected  increases 
in  demand  for  water  and  related  functions  and  services  which  will  intensify 
demand  for  future  use,  development  and  manaqement  of  water  and  related 
land  resources  are  shown  in  table  KA-I. 

Water  withdrawal  demands  are  projected  to  reach  over  7 billion 
qal Ions  per  day  by  2970,  an  increase  of  5 billion  qallons  per  dav  over 
withdrawals  made  in  l'^60.  Municipal  and  industrial  withdrawals  will  con- 
stitute 58  percent  of  the  total  in  2020  and  water  for  electric  power 
coolinq  about  4|  percent.  In  I960,  the  relative  percentanes  were  67  and 
30  respectively.  Withdrawals  for  rural  and  farm  use  will  about  double, 
but  remain  only  a small  percentaqe  of  the  total. 
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Sufficient  streamflow  to  provide  waste  assimilation  capacity  within 
acceptable  standards  of  quality  will  be  required  to  absorb  orqanlc  waste- 
loads that  are  projected  to  Increase  nearly  2.9  times  the  I960  averaqe 
by  2020.  This  is  about  22  percent  of  the  total  orqanlc  waste  effluent 
expected  to  be  discharqed  to  streams  in  the  Ohio  Basin  study  area. 

About  60  percent  of  the  potential  average  annual  damages  with  1965 
level  of  flood  plain  development  would  be  prevented  by  projects  Included 
in  the  going  program  for  flood  control.  Residual  average  annual  damages 
under  these  conditions  would  be  about  8 million  dollars,  split  about 
equally  between  upstream  and  downstream  areas.  By  2020,  unless  additional 
protection  works  and  management  actions  are  taken  to  prevent  them, 
potential  average  annual  damages  are  estimated  to  become  nearly  5.5  times 
this  amount  with  projected  conditions  of  flood  plain  development.  About 
two- thirds  of  the  damages  would  be  In  downstream  areas  and  one-third  in 
upstream  areas. 

Modernization  and  deepening  of  the  navigable  waterway  will  be 
required  to  keep  pace  with  demands  for  waterborne  commerce  generated  by 
industrial  expansion.  Freight  traffic  is  projected-  to  reach  4.2  billion 
ton-miles  bv  2020  which  will  exceed  the  estimated  capability  of  the 
existing  navigation  facilities  on  the  Kanawha  River  by  4.6  times. 

Additional  electric  power  generation  will  be  required  to  support 
industrial  expansion  and  the  general  growth  of  the  economy.  By  2020,  it 
is  estimated  that  hydroelectric  power  plants  could  be  efficiently  uti- 
lized to  provide  about  10  percent  of  the  total  caoacity  requ i rements  in 
the  Ohio  Basin,  A part  of  this  can  be  developed  in  the  Kanawha  subbasin 
at  water  control  reservoirs  and  feasible  pumped-storaoe  sites  to  provide 
peaking  capacity  for  use  in  conjunction  with  thermal  or  nuclear  baseload 
p I ants . 

Land  area  reauiring  treatment  and  proper  management  for  efficient 
use  is  projected  to  total  over  4.5  million  acres  by  2020.  Sixty-six 
thousand  acres  of  strip-mined  land  are  in  need  of  rehabilitation.  Irri- 
gated land  area  is  relatively  small.  The  projected  increase  by  2020  will 
only  be  4,300  acres.  Land  that  may  be  economically  drained  may  double 
by  2020  reachinn  a total  of  183,000  acres. 

The  demand  for  outdoor  recreation  Is  predicted  to  increase  4 times 
the  I960  use  bv  I9BQ  and  over  tenfold  by  2020.  Sufficient  opportunity 
exists  to  satisfy  fishing  demand  through  1^00;  however,  by  2020,  addi- 
tional opportunity  will  be  required.  A moderate  increase  in  hunting 
demand  Is  expected.  These  demands  will  require  full  use  of  water  and 
lands  affiliated  with  water  resource  developnr>ent. 

3.  Resource  Availability.  The  water  resource  development  potential 
of  the  Kanawha  Basin  is  one  of  the  best  in  the  Ohio  Basin.  Surface  runoff 
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The  rugged  topography  and  lack  of  major  urban  or  industrial  develop- 
ments in  many  tributary  valleys  provide  favorable  opportunities  to 
develop  reservoirs  for  stream  regulation.  Twenty-four  potential  reser- 
voirs with  a total  of  about  4,5  million  acre-feet  of  storage  capacity 
have  been  investigated  in  some  detail  and  are  currently  considered 
feasible.  In  addition  34  potential  watershed  projects  have  been  identified, 
having  190  sites  for  developing  a potential  storage  capac i ty  of  over  a 
half  million  acre-feet.  The  reservoirs  would  control  over  6,900  square 
miles  of  drainage  area  and  the  impoundments  in  upstream  watershed  areas 
over  1,000  square  miles. 


Availability  of  a considerable  runoff  and  storage  sites  in  the 
Kanawha  subbasin  makes  it  a key  area  for  control  of  flow  on  the  Ohio 
River.  Also  resource  development  will  provide  opportunities  for  the 
satisfaction  of  demands  for  outdoor  recreation.  Considering  the 
ruggedness  of  scenic  and  wooded  areas  in  the  upper  regions  of  the  two 
subbasins,  tourist  recreation  could  rise  in  importance  if  access  to 
attractive  locations  were  improved. 


In  the  Kanawha  subbasin,  ground  water  supplies  for  domestic  needs 
are  available  in  most  areas.  Larger  yields  suitable  for  industrial  and 
public  water  supply  are  available  in  some  areas.  Yields  of  as  much  as 
600  gallons  per  minute  are  obtained  from  individual  wells  in  the  central 
part  of  the  basin.  The  unconsolidated  alluvium  along  the  Kanawha  River 
Valley  is  a good  potential  source  of  ground  water.  As  much  as  150 
gallons  per  minute  have  been  obtained  from  vertical,  screened  wells.  In 
the  Little  Kanawha  subbasin,  aquifers  are  relatively  poor  except  in  the 
headwaters  and  in  the  lower  valley.  Wells  tapping  sand  and  gravel  aqui- 
fers yield  as  much  as  100  gallons  per  minute. 


The  hydroelectric  power  potential  of  the  Kanawha-L i tt 1 e Kanawha  sub- 
basins has  not  been  fully  investigated;  therefore,  the  amount  of  feasible 
hydroelectric  power  capacity  is  largely  unknown.  However,  the  terrain 
indicates  this  might  be  substantial,  particularly  for  high-head  pumped- 
storage  power  projects,  a few  of  which  could  utilize  the  reservoirs  of 
projects  for  other  purposes  as  upper  or  lower  pools.  The  Appalachian 
Power  Company  has  a license  application  pending  before  the  Federal  Power 
Commission  for  construction  of  the  Blue  Ridge  project  on  the  Upper  New 
River  which  includes  a pumped-storage  hydroelectric  power  installation 
of  1600  MW  (originally  proposed  for  900  MW)  and  a conventional  plant  of 
200  MW  (originally  proposed  for  80  MW),  In  addition,  there  are  13  identi- 
fied locations  in  the  Kanawha  subbasin  where  conventional  hydroelectric 
plants  with  a total  of  1,200  MW  are  potentially  feasible.  Four  of  these 
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are  on  the  Gauley  River,  one  on  the  Meadow  River  and  8 on  the  New  River, 
two  of  the  latter  being  alternates  to  the  Blue  Ridge  project.  There  are 
no  identified  sites  in  the  Little  Kanawha  subbasin, 

4 . Assessment  of  Resource  Deve I opment  Reou i rements . Principal 
water  supply,  water  quality  and  flood  problem  areas,  together  with 
reservoirs  and  upstream  watershed  projects  in  the  going  proqrarr  of 
development,  and  those  identified  as  potential  future  projects,  are  shown 
on  the  subbasin  map,  figure  KA- I . Summary  data  for  projects  in  the  going 
program  are  given  In  Appendix  K,  tables  15  through  21  and  for  identified 
potential  projects  in  tables  24  through  28.  The  relationship  of  problem 
areas  and  projects  in  the  going  program  is  shown  schematically  in  figure 
KA-2,  and  key  data  relating  to  problem  areas  are  given  in  table  KA-2. 

The  schematic  diagram  was  used  for  general  orientation  in  analyzing  pro- 
blems and  needs  and  establishing  development  reaui rements  for  streamflow 
control.  An  accounting  of  storage  capacity  for  streamflow  control  is 
given  in  table  KA-3.  Results  of  the  subbasin  assessment  to  determine  the 
magnitude  and  costs  of  resource  development  required  to  satisfy  projected 
demands  for  water  and  related  functions  and  services  are  summarized  in 
table  KA-4. 

a,  Requ i rements  to  be  Furn i shed  by  I dent i f i ed  Resource  Potent i a I . 
Analysis  of  demands  for  water  and  related  functions  and  services  and  of 
the  means  whereby  these  demands  can  be  satisfied  indicates  that  to  solve 
water  supply,  water  quality,  and  flood  problems,  development  of  additional 
storage  capacity  for  streamflow  control  will  be  required;  also,  further 
local  protection  projects  and  channel  improvements  will  be  required  in 
several  locations,  either  singly  or  in  combination  with  streamflow  regu- 
lation, to  better  cope  with  flood  problems. 

Total  storage  capacity  required  to  provide  streamflow  control  is 
estimated  to  be  9 million  acre-feet  in  addition  to  the  amount  that  will 
be  made  available  upon  completion  of  the  going  program.  By  2020,  nearly 
7 million  acre-feet  of  this  amount  will  be  required  to  provide  sufficient 
streamflow  at  15  locations  with  major  water  supply  or  water  quality  prob- 
lems. About  3.1  million  acre-feet  of  the  requirement  can  be  provided  in 
identified  potential  reservoirs,  including  the  joint  use  of  353,000  acre- 
feet  of  flood  control  space.  Waste  treatment  in  addition  to  flow  sup- 
plementation, will  undoubtedly  be  required  to  handle  some  of  the  complex 
industrial  wastes  in  the  lower  reaches  of  the  Kanawha  and  Little  Kanawha 
Rivers.  Storage  capacity  provisions  for  streamflow  supplementation  are 
limited  to  amounts  required  to  satisfy  demands  beyond  the  capability  of 
available  surface  flows  and  ground  water  sources.  The  ground  water 
potential  is  considered  adequate  to  provide  263  mi  I i ion  gai Ions  per  day 
in  addition  to  pumpage  inventoried  in  I960  toward  satisfying  2020  water 
requ I rements . 
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About  1,765,000  acre-feet  of  reservoir  capacity,  including  229,000 
acre-feet  associated  with  upstream  watershed  projects,  can  be  provided 
by  the  Identified  resource  potential  for  control  of  floodflows.  In 
addition,  35  miles  of  channel  Improvements  in  potential  upstream  water- 
shed projects  are  identified.  An  aggressive  flood  plain  management 
program  will  assist  In  maintaining  the  high  percentage  of  damage  reduc- 
tion that  will  be  afforded  by  proposed  protection. 

Traffic  on  the  Kanawha  River  waterway  has  been  growing  steadily 
with  the  industrial  expansion  that  has  been  taking  place.  The  physical 
capacity  of  the  existing  navigation  project  for  handling  waterborne 
freight  traffic  will  be  reached  In  the  near  future.  Therefore,  a hiah 
priority  should  be  established  for  the  modern i zat i on  of  the  Kanawha 
River  system.  This  includes  construction  of  a new  lock  system  to 
coincide  with  about  the  time  a modern  dam-lock  unit  is  completed  near 
Gallipolls  on  the  Ohio  River,  and  the  later  deepening  of  the  waterway 
to  12  feet  concurrently  with  the  provisions  of  a greater  depth  in  the 
Ohio  River  channel. 

The  identified  hydroelectric  power  potential  of  2,100  megawatts 
installed  capacity  would  be  useable  before  1980  to  meet  a portion  of  the 
qrowing  Ohio  Basin  power  requirements.  Inclusion  of  the  power  potential 
as  an  element  of  water  resource  development  Is  based  on  Judgment  that  the 
installation  will  prove  to  be  desirable  and  economica  My  feasible  in 
comparison  to  alternative  sources  of  power  supply. 

Total  area  in  potentially  feasible  upstream  watershed  projects  is 
about  1.5  million  acres.  Of  this  amount,  it  is  estimated  that  approxi- 
mately 975,000  acres  of  cropland,  pasture,  and  woodland  in  addition  to 
that  provided  for  in  authorized  projects  will  require  treatment  and 
management  to  enhance  land  productivity  and  serve  other  beneficial 
purposes.  Over  70  percent  is  in  woodland  area,  ^etarda+ion  of  runoff, 
control  of  erosion,  and  reduction  of  sediment  transport  to  streams  are 
important  considerations. 

The  availability  of  streams  with  improved  water  quality,  reservoirs, 
impoundments,  and  other  potential  developments  would  provide  potential 
opportunities  for  nearly  20  million  outdoor  recreation  days  annually  if 
access  and  facilities  are  made  available. 

b.  Remaining  Requirements.  Nearly  all  of  the  additional  3.9 
million  acre-feet  of  storage  capacity  required  to  supplement  streamflows 
during  low  flow  periods  will  be  utilized  in  the  Charleston,  West  Virginia 
industrial  area.  The  location  of  these  storage  developments  arc  not 
Identified.  The  balance  of  the  storage  capacity  would  be  required  to 
provide  stream  renulation  in  localized  areas  not  identified  by  specific 
location  of  need. 
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Storage  capacity  that  can  be  made  available  in  identified  potential 
projects  is  sufficient  to  provide  for  subbasin  flood  control  requirements 
and  would  also  furnish  a portion  of  the  capacity  required  for  flood  stage 
reduction  on  the  Ohio  River.  The  267,000  acre-feet  for  which  additional 
development  will  be  required  Is  the  remaining  amount  needed  In  the 
Kanawha-Little  Kanawha  subbasins  to  assist  In  regulating  the  Ohio  River 
Standard  Project  Flood  down  to  the  maximum  flood  stane  of  record. 

The  extent  to  which  demand  for  outdoor  recreation,  hunting,  and 
fishing  opportunity  can  be  satisfied  beyond  that  provided  by  identified 
developments  has  not  been  assessed.  A portion  of  the  remaining  reouire- 
ment  can  be  met  in  conjunction  with  other  needed  water  resource  develop- 
ments in  the  subbasin.  The  rest  will  likely  have  to  be  provided  by 
single-purpose  recreation  lakes.  State  and  local  parks,  and  private 
developments,  particularly  for  the  Charleston  metropolitan  area. 

Remaining  land  treatment  and  management  renuirements  are  associated 
with  the  general  land  base  outside  watershed  projects,  with  the  exception 
that  lands  to  be  irrigated  or  drained  may  be  located  in  or  outside 
watershed  projects.  By  the  year  2020,  aoproxlmatel y 3.5  million  acres 
of  crooland,  pasture,  and  woodland  would  be  subject  to  treatment  and 
management  measures,  some  of  the  more  common  being  contour  farming  of  al I 
types,  controlled  grassland  farming,  and  improved  forest  management  and 
utilization.  These  lands  are  accounted  for  in  the  general  inventory  of 
requirements  but  are  not  identified  by  specific  location. 
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TABLE  KA-1 

KANAWHA,  LITTLE  KANAWHA  SUBBASINS 
DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease  ^ ' ) 

Uni  t 

Amount 

1980 

2020 

Water  Wl thdrawal 

Municipal  and  Industrials^) 

Million  Gallons  Per  Day 

1 , 540. 6 

584.8 

2.732.4 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

703 

85 

2,297 

Rural  Communities 

Million  Gallons  Per  Day 

43.1 

15.2 

35.6 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

9.52 

0 

4.43 

1 r r i gat ion^^) 

Million  Gallons  Per  Day 

1.2 

0.3 

1.8 

Stream  Assimilation  of 
Organic  Waste  Effluent^^) 

I ,000  Popu lat ion 
Equivalents 

1 ,031  .4 

372.7 

1 .995.8 

Flood  Damage  Prevention^^) 

Million  Dollars  Annually 

10.71 

9.72 

27.52 

Waterway  Freight  Movement 

Million  Ton-Mi les 
Annual  ly 

900 

500 

3,300 

Hydroelectric  Power  - 
1 ns ta 1 led  Capaci ty 

Megawatts 

250.7 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

4.7 

13.9 

44.3 

Sport  Fishing 

Mi i 1 ion  Angler  Days 

0.87 

0 (7) 

0.36(7) 

Hunt i ng 

MfMion  Hunter  Days 

2.16 

0.25(7) 

0.34(7) 

Comnercia 1 Fi shing 

(Assessed  on  a 

basin-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

97 

1 .572 

4,518 

Drainage 

1 ,000  Acres 

93 

67 

90 

Irrigation  (Land  Area) 

1 ,000  Acres 

2.1 

0.8 

4.3 

NOTES: 


(1)  Base  year  amounts  plus  projected  increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  Included;  assessed  on  a basin-wide  basis. 

(})  yfthdrawa)  shown  is  for  average  year;  drought  year  may  be  4$  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  8$  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (1980  and  2020)  are  Indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
f rei ght . 


(7)  Net  requirements. 


TABLE  KA-2 

KANAWHA,  LITTLE  KANAWHA  SUBBASINS 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS)  . 


Prob  lem  Area^ 

Stream 

Requ i red 
I960 

F low(2) 
2020 

F 1 ow  P rovi ded  by 
Going  P roaram 

Supp 1 ementa 1 
F low  Requi red 

1980  2020 

Kanawha  Subbasin 
Charleston,  W Va 

Kanawha  River 

6,900 

14,500 

1 ,930 

4,970 

12.570 

Beck  ley . W Va 

Piney  Creek 

20 

32 

20 

0 

12 

Durbin,  W Va 

East  Fork  Greenbrier  River 

15 

15 

1 

14 

14 

Bluefield,  Va 

Bluestone  River 

15 

33 

1 

14 

32 

Pulaski , Va 

Peak  Creek 

15 

21 

6 

9 

15 

Galax,  Va 

Chestnut  Creek 

22 

26 

16 

6 

10 

West  Jefferson,  NC 

Buffalo  Creek 

5 

15 

0 

5 

15 

Little  Kanawha  Subbasin 
Mile  Point  22  to 
Mouth 

Little  Kanawha  River 

300 

300 

8 

292 

292 

B.  WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (MGD). 


1 tern 

1980 

2020 

1.  Total 

wi  thdrawal 

685 

5.071 

2.  To  be 

provided  by  groundwater 

64 

263 

3.  Total 

consumptive  use 

29 

166 

* 


C.  FLOOD  damage  AREAS. 

Locat ion 

1 . Upstreani  areas 

2.  Major  urban  areas^'^ 

Charleston,  W Va,  Kanawha  River 
St.  A I bans-N i t ro , W Va  , Kanawha  River 
Marlington,  W Va,  Greenbrier  River 

3.  Other  flood  plain  areas 
Total  subbasin 

NOTES;  (I)  See  figure  KA-1  for  geographic  location  of  principal  problem  areas  and  figure  KA-2  for  schematic  relationship. 

(2)  Strcamflow  required  to  maintain  a minimum  of  A parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  Irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 


TABLE  KA-3 


KANAWNA,  little  KANAWHA  SUB6ASINS 
ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


Tiine  Period 

1980  2020 

Storage  (1^.000  Ft) 


A.  WATER  QUALITY  CONTROL. 


I . 

Storage  requfred(') 

1,178.5 

2.855.9 

2. 

Storage  provided  in  identified  potential  sites 

888.9 

2.769,9 

3. 

Additional  Storage  required 

289.6 

91  .0 

B. 

WATER  WITHDRAWALS. 

1 . 

Storage  required 

917.5 

4 . 1 3L  6 

c. 

FLOOD  CONTROL. 

1 . 

Subbasin  and  Ohio  River  control  requirement 

603.3 

2.032. I 

2. 

Storage  provided  in  identified  potential  sites 

536.5 

I .765-1 

a.  for  solving  localized  problems 

b,  effective  In  controlling  both  subbasin  and  Ohio  River  flows 

(118.3) 

(918.2) 

(229.2) 

CU335-9.' 

3. 

Additional  storage  required^^^ 

66.8 

267.0 

D. 

TOTAL  STORAGE  REQUIREMENT, 

1 . 

Water  quality  control,  water  withdrawals,  and  flood  control 

2.699.3 

9.022  6 

2. 

Available  in  identified  potential  sites^^^ 

1 ,490.7 

4.545.3 

3. 

Joint  use  storage 

l°7.3 

4. 

Additional  storage  required^^^ 

1 .151 .3 

4.124.3 

NOTES: 

(1)  Storage  capacity  required  to  provide  supplemental  flows  at  key  urban 
upstream  watershed  areas. 

locations  and  rural 

Commun i ties  in 

(2)  Remaining  Kanawha,  Little  Kanawha  subbasins  share  of  storage  required 
Standard  Project  Flood  to  the  maximum  flood  stage  of  record. 

to  reduce  the  Ohio 

River  Basin 

(3)  See  figure  KA-1  . 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 

TABLE  KA-4 


NOTES:  (I)  Re<]ui rement  in  addition  to  that  provided  by  going  development  program*. 

(2)  Cost*  shown  are  for  initial  facilities  and  such  nieasures  as  nay  be  regu.red  to  implement  the  prooram.  and  do  not  -nclude  water  and  related 
land  cost.  Base  Year  I960. 

(3)  The  number  of  outdoor  recreation  day*  shaan  include  some  sport  fishug  and  hunting  wh.ch  could  not  be  separately  accounted  for  m 
avai lable  data. 

(I*)  Land  area  and  costs  shovm  are  for  total  land  tre.»tment  and  management  requirements  in  watershed  projects  and  cover  both  water  res-vurce 
development  related  and  other  lands. 

(5)  Specific  sites  to  provide  storage  capacity  for  streamflow  control  are  not  identified,  h-wver.  favorable  storage  sites  are  potent  ally 
available. 

(6)  Because  of  population  and  resource  distr* but  ions,  remaining  subbasin  regu-rements  for  nutdonr  recreat-on,  sport  fishmg  and  hunt-ng  n.t 
satisfied  by  water  resource  developments  may  require  a trade  off  wth  adjacent  subbas-ns  or  sat.sf.ed  by  other  means 


AD-A041  279  ARMY  ENGINEER  OlV  OHIO  RIVER  CINCINNATI  F/6  8/6 

OHIO  river  basin  COMPREHENSIVE  SURVEY,  VOLUME  XII*  APPENDIX  K.  —ETC(U) 
JUL  68 


UNCLASSIFIED 


ML 


MICROCOPY  RLSOLUTION  HSl  CHART 

N-'-'.-Ni.  HUt'l-Mi  •*  ; •»  A 


I 


OHIO 


BONDS  (REEK 


NOtTH  fOSi 
s 6 «E  R 


SALTLICK 

CREEK 


SLtTTON 


E>'G  SAND’ 
:»EEK 

;<-f  i 


WEAUC>*> 
fc  R'VER 


'■«*«  tVin 


PROGRAM 


BLUESTONE 


BRUSH 

CREEK^ 


■'DAVES  EORR 
CHRISTIAN  FORI 


AtlK'.R  REM 

/ BACK  CREEK 


;e 

0«Sf« 


CLATTOI 

LAKE 


WTlh««illt 


TENN 


SCALE  IN  MILES 


HG  fREEKN 


VICINITY  MAP 


Atboni  - NS«e 

/A 

c'  ( 

\ 

^ A 

I \ 

/ K 


/ 

• /'  / FKARI  IN  RIJN 

/ / 


*N  h^. 


^ ' y / 

j C I I PROJECTS  IN  ( 

. 6'<J  ' j 


el  Enfincert  Ret«i< 


K>  S>qnili(Or>‘  Non  ^tOtcgl  Rti*ii 


7 POTENTIAL  PROJECTS 


'Ao'f • ill » d Pteif  (f 


3 PROBLEM  AREAS 


W.VA^  P 


EIiSTiNG  IRSC 


Maio>  Mood  Do'no9( 

I 


i B'C  »EE0  ANX 

V / 


^.C.  ■ > ' 

\ yt.H' 

c . ' 

) ) 

fW4, 

( J S 0 S 10  IS 


^4  Golgt  ^ 

. 1. 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

KANAWA  AND  LITTLE  KANAWA  SUBBASINS 

principal 

L^aT(R  SUPPLY  WATER  quality  AND  flood 
I PROPUMS 

RESERVOIRS  AND  WATERSHED  PROJECTS 
IN  GOING  PROGRAM  A NO  POT  E N T I AL  $ 


CORPS  01  INC.  NM»S 

APPIND'I  ( 


US  APM«  OHIO  River  D'vis>on 

nOuRE  KA  I 


LITTLE  KANAWHA 


KANAWHA 


SALT  LICK  CREEK 


o — 

BONDS  CREEK 


Boone.  N.  C. 


West  Jefferson,  N.  C 


Spencer, W.  Va, 


Galax,  Va. 


FROM  MILE  22  TO  MOUTH 


Wvtheville,  Va 


Pulaski,  Va. 


BRUSH  CREEK 


MARLIN  RUN 
^ Durbin,  W Va.  ^ 


i 


Pearisburg,  Va 

Narrows,  Va 

Ma  r 1 1 ngto  n , 

W,  Va. 

BLUESTONE 


1! 

A 


j^ 


■o 


BACK  CREEK 


DAVES  FORK  - 

Qchristians  fork 


Bluefield , Va 


SUr^RSVILLE 


BIG  DITCH  RUN 


SUTTON 


Beckley,  W Va. 


Charleston.  W Va 


LEGEND 

PROJECTS  IN  GOING  PROGRAM 

Corps  of  Engineers  Reservoir 
Q Watershed  Project 
PROBLEM  AREAS 

H Water  supply 


St  Albans  — Nitro,  W Va. 


9 Water  Quality 


♦ 


Major  Flood  Damage 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

KANAWHA  AND  LITTLE  KANAWHA 
SUBBASINS  ANALYSIS  SCHEMATIC 

CORPSOF  ENGINEERS  U S ARMY  OHIO  RIVER  DIVISION 
APPENDIX  K FIGURE  KA  2 


GUYANDOTTE.  BIG  SANDY  AND  LITTLE  SANDY 


1.  Planning  Environment.  The  Guyandotte,  Big  Sandy  and  Little 
Sandy  River  subbasins,  situated  in  the  south-central  portion  of  the 
Ohio  Basin,  contain  6,652  square  miles,  or  nearly  four  percent  of  the 
Ohio  Basin  study  area.  They  include  portions  of  southwestern  West 
Virginia,  western  Virginia,  and  eastern  Kentucky.  The  Big  Sandy  and 
one  of  its  tributaries,  the  Tug  Fork,  form  the  entire  length  of  the 
Kentucky-West  Virginia  boundary.  The  topography  is  rolling  to  rugged, 
with  the  maze  of  hills  and  valleys  covered  mostly  by  forests  and 
pastureland.  Many  of  the  valleys  are  extremely  narrow  with  the  steep 
slopes  rising  abruptly  from  the  streams.  The  steep  hillsides  generally 
leave  little  room  for  development  in  the  river  valleys  except  within 
the  flood  plains. 

The  subbasins  have  a history  of  recurring  heavy  rainfalls  from 
winter  storms  and  summer  thunderstorms.  Runoff  has  been  greater  than 
the  average  for  the  Ohio  Basin,  causing  frequent  floods  within  the 
subbasin  and  contributing  materially  to  Ohio  River  flood  problems.  In 
contrast,  extended  droughts,  although  infrequent,  have  caused  crop 
losses  and  acute  water  shortages. 

The  first  settlers  arrived  in  1765,  but  there  were  no  permanent 
communities  until  later  in  the  century.  Some  of  the  early  immigrants 
settled  in  isolated  portions  of  the  highlands  where  bountiful  forests 
and  wildlife  provided  a self-contained  economy.  Other  migrants  settled 
in  the  area  adjacent  to  the  confluences  with  the  Ohio  River  to  form 
urban  communities  of  nominal  size. 

The  subbasins  contain  large  commercial  coal  deposits  and  a con- 
siderable portion  of  the  economy  is  based  on  this  resource.  The 
Guyandotte  and  the  Big  and  Little  Sandy  subbasins  have  about  three  per- 
cent of  the  Ohio  River  Basin  population  and  about  two  percent  of  the 
labor  force.  Only  1.2  percent  of  the  industrial  output  of  the  Ohio 
Basin  is  produced  here.  Projective  economic  studies  indicate  that 
the  general  economy  of  this  area  will  continue  to  grow,  but  at  a 
lesser  rate  than  the  overall  Ohio  Basin.  Without  additional  economic 
stimulus,  the  area  may  experience  a decline  in  population  through 
outmigration. 

2.  Demand  for  Water  and  Related  Funct ions  and  Services.  In 
general,  present  water  supplies  are  adequate  in  quantity,  and  if 
properly  controlled,  are  sufficient  to  meet  future  demands.  However, 
the  surface  waters  are  hard  to  moderately  hard  and  many  stream  reaches 
contain  fines  from  coal  washing  operations.  Drainage  from  active  and 
abandoned  mines  situated  in  the  headwaters  of  the  Guyandotte  and  Big 
Sandy  subbasins  have  degraded  much  of  the  streamflow.  Except  in  the 
lower  slackwater  reaches  created  by  Greenup  Dam  there  are  no  major 
organic  waste  problems.  In  most  areas  ground  water  is  high  in  iron 
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content  and  removal  is  required  for  many  uses.  Management  programs 
and  physical  works  will  be  reou i red  for  control  of  erosion  and  mine 
drainage  to  provide  water  quality  improvement. 

Flooding  is  a problem  at  several  locations,  particularly  in 
upstream  areas. 

The  mining  industry  with  large  coal  reserves  in  the  subbasins 
depends  on  low-cost  transportation  to  supply  the  coal  output  to  con- 
sumers. In  consideration  of  the  interrelation  of  the  mining  In  the 
subbasins  and  industries  in  other  nearby  subbasins,  further  develon- 
ment  of  navigable  channels  will  be  required. 

The  people  of  the  area  are  currently  in  need  of  additional  out- 
door water-based  recreation  facilities.  If  predicted  future 
recreational  desires  are  to  be  satisfied,  further  sources  of  oppor- 
tunity will  be  required.  Realization  of  the  substantial  potential 
for  recreational  development  within  the  subbasins  will  require  the 
provision  of  ready  access  to  the  resource  areas  and  the  construction 
of  adequate  facilities. 

a.  Goinq  Program  Accomplishments.  Development  and  manage- 
ment programs  by  Federal,  state  and  local  interests  have  been 
established  to  cope  with  critical  development  needs.  Legislative 
enactments  and  research  and  reclamation  efforts  have  been  initiated 
to  solve  mine  drainage  problems  and  sediment  pollution  of  streams. 

The  flood  control  aspects  of  the  Little  Sandy  River  subbasin  and 
consideration  of  potential  upstream  watershed  projects  and  land 
treatment  and  managoment  are  included  in  the  assessment  of  the  Ohio 
River  and  minor  tributaries.  All  other  aspects  are  Included  with 
the  Big  Sandy  and  Guyandotte  subbasin  assessments. 

Five  Federal  multiple-purpose  reservoirs,  when  all  are  completed, 
will  provide  protection  to  downstream  areas  in  the  Biq  Sandy  and 
Guyandotte  subbasins.  These  provide  a total  of  521,000  acre-feet  of 
storage  for  control  of  floods,  38,600  acre-feet  of  storage  for  low 
flow  supplementation  and  73,000  acre-feet  in  Joint  use  for  both 
purposes.  These  reservoirs  will  control  about  21  percent  of  the 
total  area  in  the  two  subbasins.  Two  major  and  3 small  local  pro- 
tection projects  with  floodwalls,  levees,  and  channel  Improvements, 
will  further  control  damaging  flood  flows.  About  2.9  million  dollars 
or  about  75  percent  of  potential  average  annual  damages  would  be 
prevented  by  these  projects  with  1965  level  of  flood  plain  development. 

About  55  percent  of  water  withdrawals  by  municipalities  are 
taken  from  around  water  sources.  This  varies  from  a low  of  15  percent 
in  the  Guvandotte  subbasin  to  a high  of  58  percent  in  the  Big  Sandy. 
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Existing  water  supply  Impoundments  are,  in  most  cases,  for  the  pro- 
vision of  small  public  sources  of  supply.  Except  for  rural  and  farm 
needs,  other  water  withdrawal  demands  are  served  primarily  from  sur- 
face water  sources. 

Irrigation  and  drainage  developments  are  of  minor  significance, 
and  no  upstream  watershed  projects  were  authorized  as  of  July  1965. 

There  are  no  hydroelectric  generating  plants  in  the  basins. 

With  the  exception  of  Dam  No.  I near  the  Ohio  River,  the  Federal 
navigation  project  on  the  Big  Sandy  was  abandoned  in  1947.  With  the 
removal  of  Dam  No.  I in  1962,  use  of  the  lower  reach  in  the  slack- 
water  area  created  by  the  Greenup  navigation  pool  on  the  Ohio  River 
has  been  increasina. 

Recreation  facilities  at  reservoirs  and  along  natural  streams 
have  been  provided  by  Federal  and  non-Federal  interests.  A portion 
of  one  National  Forest  and  more  than  17  state  parks,  forests  and 
other  recreation  areas  provide  considerable  opportunity  for  r<  rea- 
tion.  Development  and  management  programs  have  beer,  put  into  effect 
to  improve  land  cover  and  provide  facilities  for  recreation,  hunting 
and  fishing  throughout  the  basin.  In  I960,  the  basin  provided  400,000 
recreation  days,  one  million  angler  days  and  nearly  a million  hunter 
days  of  outdoor  recreation  and  fishing  and  hunting,  respectively. 
Although  hunting  and  fishing  needs  have  been  met,  the  provision  of 
opportunity  for  outdoor  recreation  has  not  kept  pace  with  demand. 

b.  Future  Demand.  Projected  demands  of  the  expanding 
economy  which  will  intensifv  demand  for  further  use,  development  and 
management  of  water  and  related  land  resources  are  shown  in  table  GU-I. 

It  will  be  noted  that  I960  water  withdrawals  will  increase  2.7 
times  by  2020,  increasing  from  about  254  million  gallons  per  day  to 
about  688  mgd. 

The  Guyandotte,  Big  Sandy  and  Little  Sandy  subbasins  are  unique 
in  relation  to  the  rest  of  the  Ohio  Basin  study  area  in  that  no  organic 
waste  problems  are  projected  for  the  future,  at  least  in  so  far  as  any 
significant  stream  pollution  is  concerned  except  in  the  slackwater 
pool  area  in  the  lower  tributary  reaches.  However,  the  timber 
resources  are  vast  and  the  location  of  a single  pulp  mill  on  any  one 
stream  would  greatly  increase  the  stream  pollution  potential.  This 
would  significantly  increase  streamflow  requirements  for  waste 
assimi lation. 

Estimated  residual  flood  damages  after  completion  of  the  going 
program  for  flood  control  would  average  about  3.9  million  dollars 
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annually.  Potential  flood  damages  are  estimated  to  reach  2.4  times 
this  amount  by  2020  with  projected  conditions  of  flood  plain  develop- 
ment unless  additional  protection  works  and  management  actions  are 
undertaken  for  their  prevention. 

There  is  an  increasing  need  for  extension  of  a waterway  in  the 
Big  Sandy  River  subbasin  for  transport  of  coal.  New  locks  and  dams 
will  be  required  to  satisfy  potential  demands  for  waterborne  commerce 
of  650  mi  I I ion  ton-mi les  annual ly  by  2020. 

Additional  electric  power  generation  will  be  required  to  support 
the  general  growth  of  the  economy.  Projections  to  1980  indicate  that 
generating  capacitv  installed  in  the  three  subbasins  will  be  In  ther- 
mal plants.  By  2020,  investigations  may  prove  the  feasibility  of 
developing  the  hydroe lectric  potential  to  provide  a portion  of  the 
peaking  capacity  that  will  be  required  in  the  Ohio  Basin. 

Upstream  watersheds  and  oth-r  areas  need  attention  to  assist  in 
retarding  overland  flows  and  reduce  sediment  transport  to  streams. 

By  2020,  land  area  requiring  treatment  and  proper  management  for 
efficient  use  is  projected  to  increase  to  about  1.7  million  acres, 
including  a minor  amount  of  Irrigation  and  drainage  development. 

Thirty-four  thousand  pcres,  or  nearly  80  percent  of  the  lands  dis- 
turbed by  strip  mining,  are  in  need  of  rehabilitation. 

The  demand  for  outdoor  recreation  is  predicted  to  increase  many 
times  by  2020.  This  demand  will  require  full  utilization  of  all 

resource  potentials  affiliated  with  water  resource  development  I 

provisions.  I 

3.  Resource  Availability.  The  water  resource  development  5 

potential  of  the  Guyandotte,  Big  Sandy  and  Little  Sandy  subbasins  is  J 

one  of  the  best  in  the  Ohio  Basin.  Although  generally  not  of  large  t 

capacity,  reservoir  sites  are  plentiful.  Surface  runoff  is  high,  and  ^ 

ground  water  supplies  are  good  in  many  areas.  | 

The  rugged  topography  and  lack  of  major  urban  or  industrial  j 

developments  in  the  tributary  valley  areas  provide  favorable  oppor-  [ 

tunities  to  develop  stream  regulation  reservoirs.  Fifteen  potential  I 

reservoirs  with  a total  storage  potential  of  471,000  acre-feet  have  j 

been  investigated  in  some  detail  and  are  considered  feasible.  Twenty- 
seven  potential  upstream  watershed  projects  have  been  Investigated 
covering  1,988  square  miles.  These  projects  Include  109  upstream 
detention  structures  with  a potential  gross  storage  capacity  of  410,000 
acre-feet. 

Because  of  the  entrenched  streams,  pumped  storage  power  projects 
with  hloh  heads  may  prove  to  be  feasible  in  the  future,  although  there 
has  been  no  inventory  for  identification  of  sites. 
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Ground  water  in  larqe  sunply  is  available  from  sandstones  in  the 
upper  half  of  the  area.  In  the  lower  part  of  the  subbasins  aquifers 
are  less  productive,  but  medium  yieids  can  be  developed  in  some  areas 
The  lower  reach  o*  the  Guyandotte  Basin  lacks  a nood  aquifer,  and 
storaqe  renulatlon  of  surface  waters  will  be  required  to  supply 
demand  for  water. 

The  subbasins  have  extensive  scenic  and  wooded  areas  available 
which  can  be  developed  for  outdoor  recreation  opportunity  and  wild- 
I i fe  manaqement. 

4 . Assessment  of  Resource  Deve lopment  Pegu i rements . Principal 
flood  problem  areas,  tonether  with  reservoirs  and  upstream  watershed 
projects  in  the  going  program  of  development  and  those  identified  as 
potential  future  projects,  are  shown  on  the  map  of  the  subbasins 
figure  GU-I . Summary  data  for  projects  in  the  acing  program  are 
given  in  Appendix  K,  tables  15  through  21  and  for  identified  potentia 
projects  in  tables  24  throuqh  23.  The  relationship  of  problem  areas 
and  projects  in  the  going  program  is  shown  schematically  in  fiqure 
GU-2,  and  key  data  relating  to  problem  areas  are  given  in  table  GJ-2. 
The  schematic  diaoram  was  used  for  general  orientation  in  analyzing 
problems  and  needs  and  establishing  development  requirements  for 
streamflow  con  + rol.  An  accounting  of  storaqe  capacity  ■for  streamflow 
control  is  given  in  table  GU-3.  Results  of  the  assessment  of  the  sub 
basins  to  determine  the  magnitude  and  costs  of  resource  development 
required  to  satisfy  projected  demands  for  wa+er  and  related  functions 
and  services  are  summarized  in  table  GU-4 . 

a.  Requ i rements  to  ^ F urn i shed  by  I dent i f i ed  Resource 
Potent i a I . No  specific  areas  in  need  of  additional  water  supply  or 
water  quality  improvement  by  2020  have  been  Identified.  *'^ost  of  the 
1980  general  needs  of  the  subbasins  can  be  met  bv  ground  water  and 
existing  reservoirs  aided  by  the  identified  potential  flood  control 
reservoirs  and  upstream  watershed  projects.  Joint  use  of  flood 
storaqe  for  control  of  low  flows  wil I meet  many  of  the  early  needs. 

Total  storaqe  capacity  required  to  provide  streamflow  control  is 
estimated  to  be  about  1.5  million  acre-feet  in  addition  to  the  amount 
that  will  be  made  available  upon  completion  of  the  ooinq  program. 
About  l,2b7,0CD  acre-feet  of  reservoir  capacity  will  be  required  for 
control  of  flood  flows,  a large  share  of  which  is  needed  for  control 
of  the  Standard  Project  Flood  on  the  Ohio  River.  In  addition,  local 
protection  work  a*'  6 locations  involving  21  miles  of  levees  and  walls 
and  60  miles  of  channel  Improvements  in  potential  watershed  projects 
will  be  required.  About  21^,000  acre-feet  of  storage  capacity  will 
be  required  to  make  water  c;  ail  able  to  supplement  streamflows  during 
low  flow  periods.  The  low  flow  control  storage  is  primarily  for 
replacement  of  projected  municipal,  industrial  and  thermal  electric 
cooling  consumptive  use  losses  and  sustain  adequa+e  streamflow  in  the 
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lower  reaches  of  the  tributaries  affected  by  the  backwater  of  Greenup 
navigation  dooI.  The  ground  water  potential  is  considered  more  than 
adeouate  to  provide  the  61  million  gallons  per  day  toward  satisfying 
2020  water  requirements.  Of  the  total  reauired  storaqe,  684,200 
acre-feet  would  be  furnished  In  Identified  potential  reservoirs 
including  99,200  acre-feet  of  Joint  use  soace  and  146,500  in  upstream 
watershed  projects. 

A modern  naviqation  system  on  the  Big  Sandy  i^iver  and  tributary 
Levisa  Fork  would  enhance  the  development  of  the  region.  By  2020,  it 
is  Gxoected  that  the  pro.ject  will  be  needed  to  satisfy  projected 
demand  for  low-cost  transport  of  the  coal  in  the  area.  Improvements 
would  include  a 12-foot-deep  waterway  extending  127  miles  from  the 
Ohio  River  to  mile  100  on  the  Levisa  Fork  of  the  Bio  Sandy  River. 

Total  area  in  potential  feasible  upstream  watershed  projects  In 
the  Guyandotte  and  Dig  sandy  subbasins  is  about  1.3  million  acres.  Of 
this  amount,  it  is  estimated  that  approximately  750  thousand  acres  of 
land,  90  percent  of  it  in  woodland,  will  require  treatment  and 
management  to  enhance  productivity  and  serve  other  beneficial  purposes. 
Retardation  of  runoff,  control  of  erosion,  and  reduction  of  sediment 
transport  to  streams  are  important  considerations. 

The  availability  of  reservoirs,  impoundments,  and  other  develop- 
ments would  provide  potential  opportunities  for  7.5  million  outdoor 
recreat i on-davs  annually  if  access  and  facilities  are  made  available. 

b.  Remaining  Requirements.  A relatively  small  amount  of 
storaqe,  about  31,000  acre-feet,  will  be  required  to  supplement  stream- 
flows  durinq  low  flow  periods.  The  771,000  acre-feet  of  flood  storaqe 
capacity  for  which  additional  deyelopment  will  be  required  is  the 
remaininq  amount  needed  in  the  Guyandotte  and  Big  Sandy  subbasins  to 
assist  in  requiatinq  the  Ohio  River  Standard  Project  Flood  down  to  the 
maximum  flood  stage  of  record. 

The  excellent  fishing  and  hunting  areas  and  new  and  expanded  out- 
door recreation  facilities  in  the  three  subbasins  will  help  supply  the 
water-or i ented , recreational  needs  of  neighboring  subbasins  where 
resources  may  be  re  I at i ye  I y lacking.  The  extent  to  which  demand  for 
outdoor  recreation  opportunity  can  be  satisfied  beyond  that  pro- 
yided  by  Identified  developments  has  not  been  assessed.  A portion 
of  the  remaining  requirement  can  be  met  in  conjunction  with  other 
needed  water  resource  developments  in  the  subbasin. 

Remaininn  land  treatment  and  management  requirements  are  associ- 
ated with  the  general  land  base  outside  watershed  projects.  By  the 
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year  2020,  apDroximately  950  thousand  acres  of  predominantly  woodland, 
but  includinq  crooland  and  pasture,  would  be  subject  to  treatment  and 
management  measures,  some  of  the  more  common  being  contour  farming  of 
all  types,  controlled  grassland  farming,  and  Imoroved  forest  management 
and  utilization.  These  lands  are  accounted  for  in  the  general  inventory 
of  requirements  but  are  not  identified  by  specific  location. 


TABLE  GU-I 


GUYANOOTTE,  BIG  SANDY,  LITTLE  SANDY  SUBBASINS 
DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 Increase^*^ 

Uni  t 

Amount 

I960 

202c 

Water  Wit hdrawa 1 

Municipal  and  1 ndus t r i a 1 

Million  Gallons  Per  Day 

67.3 

22.8 

128.0 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

156 

212 

303 

Rura 1 Commun i t i es 

Million  Gallons  Per  Day 

28.4 

0.2 

2.3 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

2.29 

0 

0.37 

1 r r i gat  i on  ^ 

Million  Gallons  Per  Day 

0.4 

0 

0.3 

Stream  Assimilation  of 
Organic  Waste  Effluent'^) 

I ,000  Popu  lat ion 
Equ ( va 1 ents 

1 1 .0 

0 

0 

Flood  Damage  P revent i on (5) 

Million  Dollars  Annually 

2.88 

4.68 

9.39 

Waterway  Freight  Movement(^) 

Billion  Ton-Mi les 
Annua  1 1 y 

0 

0.25 

0.65 

Hydroelectric  Power  - 
1 nsta 1 led  Capaci ty 

Megawatts 

0 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

0.4 

1 1.0 

29.6 

Sport  Fishing 

Mill  Ion  Angler  Days 

1 .0 

0 (7) 

0 (7) 

Hunt i ng 

Mill  Ion  Hunter  Days 

0.98 

0.04 (7) 

0 (7) 

Conrerclal  F i shing 

(Assessed  on  a 

basin-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

0 

663 

1 .697 

Drai naqe 

1 ,000  Acres 

10 

12 

17 

Irriqation  (Land  Area) 

1 ,000  Acres 

0.6 

0.2 

1 .0 

NOTES: 


(1)  Base  year  amounts  plus  projected  increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I98O  ^f^d  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  medsures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight. 

(7)  Net  requirements. 


TABLE  GU-2 


GUYANDOTTE,  BIG  SANDY,  LITTLE  SANDY  SUBBASINS 
PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


B.  WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (MGD), 


1.  Total  wi thdrawal ^ ^ 235  ^3^ 

2.  To  be  provided  by  groundwater  II  61 

3.  Total  consumptive  use  3 1^ 


C.  FLOOD  DAMAGE  AREAS 


Location 

1 Upstream  areas 

2.  Major  urban  areas 

Martin.  Ky.  Beaver  Creek 
Paintsville,  Ky , Paint  Creek 
Inez.  Ky.  Rockcastle  Creek 
Grundy,  W Va,  Levisa  Fork 
Matewan.  W Va,  Tug  Fork 
Williamson,  W Va,  Tug  Fork 

3.  Other  flood  plain  areas 


4 Total  sufabasin 


3.94 


Projected  to  4.68  In  1980  and  9.39  2020 


NOTES:  (1)  Water  required  to  satisfy  municipal  and  Industrial,  electric  power  cooling,  rural  community,  rural  domestic 

and  livestock,  and  Irrigation  demands. 

(2)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 

(3)  See  figure  GU-1  for  geographic  location  of  principal  problem  areas  and  figure  GU-2  for  schematic  relationship 


TABLE  GU-3 


d 


GUYANOOTTE,  BiC  SANDY,  LITTLE  SANDY  SUBBASINS 
ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAHFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


Tf'"e  PerloC 


Storagt!  ( 1 .000  f t 


A. 

WATER  QUALITY  CONTROL. 

1 . 

Storage  required^*^ 

0 

0 

2. 

Storage  provided  in  identified  potential  sites 

0 

0 

3. 

Additional  storage  required 

0 

0 

B. 

WATER  withdrawal:. 

1 . 

Storage  requi red 

'*2.6 

2t&.0 

c. 

flood  CONTROL. 

I . 

Subbasin  and  Ohio  River  control  requirement 

389.7 

1 .267  3 

2. 

Storage  provided  in  identified  potential  sites 

196.9 

496.3 

a.  for  solving  localized  problems 

(69.7) 

(146.3) 

b.  effective  in  controlling  both  subbasin  and  Ohio 

River  ^lows 

(132.2) 

(350.0) 

3. 

Additional  storage  required^^^ 

192.8 

771  -0 

D. 

total  STORAGE  REQUIREMENT. 

1 . 

Water  quality  control,  water  withdrawals,  and  flood 

control 

932.3 

1 .986.3 

2. 

Available  in  identified  potential  sites^^^ 

226.6 

589.9 

3. 

Joint  use  storage 

_LL0 

4. 

Additional  storage  required^^) 

192.8 

802 . 1 

NOTES;  (!)  Storage  capacity  required  to  provide  suppler^ental  flows  at  key  urban  locations  and  rural  conrunities  in 
upstrear  watershed  areas. 

(2)  Renaining  Guyandotte,  Big  Sandy,  Little  Sandy  subbasins  share  of  storage  required  to  reduce  the  Ohio  River 
Basin  Standard  Project  Flood  to  the  maximum  flood  stage  of  record. 

( 3)  See  f i gure  GU- 1 . 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 


TABLE  GU-4 


GUYANOOTTE.  BIG  SANDY,  LIHLE  SANDY  SU8BASINS 
SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


■ I Elements  Unit 


PART  ).  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 
A.  Streamflow  Control  and  In-Stream  Use 


1 . 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

114.7 

29.6 

6.600 

88.6 

21.700 

2. 

Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

1,000  Ac  Ft 

521.0 

196.9 

49. 100 

496.3 

126. 2D0 

b.  local  protection  projects 

Miles 

0.4 

4.3 

3.500 

21.0 

10.500 

c.  channel  improvement 

Miles 

0 

27 

2.900 

60 

5.400 

3. 

Navigable  Waterway 

a.  improvement  to  existing  waterway 

Mi  les  of  Channe 1 

0 

. 

. 

. 

. 

b.  new  waterway 

Mi  les  of  Channe 1 

- 

0 

0 

127 

200.000 

c.  channel  deepening  to  12  feet 

Mites  of  Channe 1 

- 

- 

- 

- 

- 

4. 

Hydroelectric  Power  - 

Megawatts 

0 

0 

If 

(Assessed  on 

a Bas  in- 

Instal led  Capacity 

Wide  Bas  is) 

Re 

lated  Programs 

1 . 

Outdoor  Rec reat ion^^^ ^ 

Hill  ion  Recreation 

0.4 

2.4 

9.300 

7.5 

27.700 

Days 

2. 

Watershed  Project  Land  Treatment 
and  Management(^) 

I .000  Acres 

0 

336.0 

8.400 

754.5 

18.900 

COSTS 

- PART  1 

79.800 

410.400 

REMAINING  REQUIREMENTS. 

Streamflow  Control  and  In-Stream  Use^^^ 

1 . 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 .000  Ac  Ft 

- 

0 

0 

31.1 

7.900 

2. 

Storage  for  Control  of  Flood  Flows 

1.000  Ac  Ft 

- 

192.8 

49.200 

771.0 

196,600 

3. 

Hydroelectric  Power 

(Assessed  on 

a Bas  n-w, Pas i s ) 

Re 

lated  Programs 

1 . 

Outdoor  Recreat ion^^^ 

Mi  1 1 ion  Recreation 

- 

8.6 

30.000 

27. ' 

f7.T00 

Days 

2. 

Fish  and  Wi Idl ife 

a.  sport  fishinJ^^^^^ 

Mill  ion  Angler  Days 

1 .00 

0 

0 

0 

0 

b.  hunting(2)(6) 

Mill  ion  Hunter  Days 

0.98 

0.04 

100 

0 

0 

c-  commercial  fishery 

(Assessed  on 

a Bas  ■I’-w  de  Pas  s ) 

Land  Treatment  and  Management 

1 . 

Lands  Outside  Watershed  Projects 

1 .000  Acres 

- 

326.9 

8.200 

23.600 

2. 

Irrigation  (Acres  to  be  Irrigated) 

1 .000  Acres 

0.6 

.2 

- 

.. 

100 

3- 

Drainage 

1 ,000  Acres 

10 

10.6 

1 . :oo 

IS.O 

.'.400 

COSTS  - PART  2 89.200 

TOTAL  COSTS  - (PARTS  1 AND  2)  169.000  W 

NOTES:  (I)  Requirement  tn  addition  to  tHat  provided  by  going  development  programs, 

(2 ) Costs  shown  are  for  initial  facilities  and  such  measures  as  may  be  requ  i red  to  implement  the  prngra''  . and  d'-  n.  t -nc  ludr  water  and  related 
land  cost.  Base  year  I960. 

(3)  The  number  of  outdoor  recreation  days  shown  Include  some  sport  fishing  and  hunting  which  could  not  be  seoaratc'v  accounted  I 'r  in 
ava I lable  data. 

(1«)  Land  area  and  costs  shown  are  for  total  land  treatment  and  management  rnquirements  in  watershed  oriiests  and  ■ ^ver  ^•th  wat«-r  rp^-iorte 
development  related  and  other  lands. 

(5)  Specific  sites  to  provide  storage  capac ■ ty  for  streamflow  control  are  ho;  identified,  h iwever . * av-rah !e  st ir  tg.-  s . t es  *n  - lent -a'  \ 
ava i table. 

(6)  Because  of  population  and  resource  distributions,  remaining  subhasin  requirements  for  outdoor  rccreal’On,  sp'rt  • sn  no  and  hunt  mo  n^t 
satisfied  by  water  resource  developments  may  require  a trade  off  with  adjacent  Subhasins  or  satisfied  by  (her  means. 
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1.  Planning  Environment.  The  Scioto  River  subbasin,  situated  in 
the  north-central  portion  of  the  Ohio  Basin,  contains  6,510  square  miles, 
or  nearly  four  percent  of  the  study  area,  it  lies  entirely  within  the 
State  of  Ohio,  The  land  In  the  upper  area  Is  a glacial  plain  which 
extends  southward  through  rolling  terrain  and  ends  in  the  rugged 
unglaciated  plateau  region  near  the  Ohio  River. 

The  Scioto  subbasin  has  a history  of  recurring  heavy  rains  and 
summer  thunderstorms  with  intense  rainfall,  often  causing  floods.  In 
contrast,  extended  droughts,  although  Infrequent,  have  caused  major  crop 
losses  and  acute  water  supply  shortages.  Average  annual  runoff  per  unit 
of  area  has  been  less  than  that  for  the  Ohio  Basin.  The  growing  season 
approximates  the  Ohio  Basin  average  of  200  days. 

The  Scioto  subbasin  was  settled  in  the  late  I700's.  The  early 
Immigrants  were  attracted  by  the  rich  sol  I and  bountiful  forests  and 
wildlife.  Many  small  urban  centers  and  rural  communities  stemmed  from 
this  early  beginning.  Columbus,  the  state  capital  near  the  center  of 
the  subbasin,  has  developed  into  a major  Industrial  and  commercial 
center. 

The  Scioto  subbasin  accounts  for  about  six  percent  of  the  popu- 
lation, labor  force  and  Industrial  output  of  the  Ohio  Basin  study  area. 
Projective  economic  studies  Indicate  that  the  general  economy  of  the 
Scioto  subbasin  will  continue  to  grow  at  a greater  rate  than  that  of 
the  overall  Ohio  Basin. 

2.  Demand  for  Water  and  Related  Functions  and  Services.  Efficient 
management  of  water  and  related  land  resources,  additional  development 
and  diligent  prosecution  of  programs  allied  to  water  and  land  use  will 
be  required  to  keep  pace  with  projected  demands  within  the  Scioto  sub- 
basin.  Base  year  and  projected  increases  that  comprise  gross  demands 
for  water  and  related  functions  and  services  are  listed  In  table  SI-1. 
Table  SI -2  provides  principal  considerations  in  determining  storage 
capacity  requirements  for  control  of  streamflow. 

The  concentration  of  economic  activity  at  Columbus,  the  largest 
city  In  the  Scioto  subbasin,  and  at  other  communities  has  resulted  In 
large  demands  for  water,  the  control  of  floods,  outdoor  recreation,  and 
has  created  problems  associated  with  municipal  and  Industrial  waste 
effluents  and  other  stream  pollution. 

In  general,  annual  runoff  Is  adequate  In  quantity  and.  If  properly 
controlled,  sufficient  to  fulfill  future  demands  for  water.  Approxi- 
mately 85  percent  of  the  municipal  and  Industrial  water  supply  require- 
ment In  the  Scioto  River  subbasin  Is  concentrated  In  the  highly 
Industrial Ized  area  near  Columbus. 
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Improvement  of  water  quality  Is  a major  concern  throughout  the 
Scioto  subbasin.  The  quality  of  ground  water  In  many  areas  Is  Impaired 
by  a high  degree  of  hardness. 

Land  treatment  and  management  and  additional  Irrigation  and 
drainage  will  be  required  to  develop  the  full  economic  potential  of  the 
land  resource. 

Flooding  Is  still  a problem  at  many  locations;  Chllllcothe  and 
Columbus  are  high  damage  centers. 

There  Is  no  commercial  navigation  In  the  Scioto  subbasin.  Industry 
and  other  activities  In  the  basin  produce  and  consume  large  quantities 
of  bulk  products  suitable  for  waterborne  transport.  However,  the 
resource  development  potentials  of  the  basin  are  unfavorable  In  relation 
to  the  magnitude  of  the  demand  to  support  an  efficient  navigable  waterway. 

The  Columbus  metropolitan  area  is  In  need  of  additional  outdoor 
recreation  facilities  and  If  the  projected  future  outdoor  recreation, 
fishing  and  hunting  desires  are  to  be  satisfied,  further  sources  of 
water-based  opportunity  wMI  be  needed.  Realization  of  the  substan- 
tial potential  for  recreation  development  within  the  subbasin  will 
require  the  provision  of  ready  access  to  the  resource  areas  and  the 
construction  of  adequate  facilities. 

a.  Goinq  Proqram  Accomplishments.  Development  and  management 
programs  by  Federal,  state  and  local  Interests  have  generally  kept 
pace  with  critical  development  needs.  The  State  of  Ohio  has  completed 
a water  Inventory  of  the  Scioto  subbasin.  Research  and  reclamation 
efforts  have  been  Initiated  to  solve  problems  of  control  of  organic  and 
silt  pollution  of  streams.  Over  1.2  million  acres  of  agricultural  land 
have  been  drained  and  about  3,400  acres  receive  supplemental  water  for 
I rrigatlon. 

The  Delaware  Reservoir  was  the  only  Federal  storage  project 
existing  in  1965;  three  were  under  construction  and  one  in  preconstruc- 
tion planning  stage.  The  five  projects  will  provide  a total  of  571  thousand 
acre-feet  of  storage  for  control  of  floods  and  about  32  thousand  acre-feet 
of  storage  in  joint  use  for  low  flow  supplementation.  They  will  control 
runoff  from  about  30  percent  of  the  total  subbasin  area.  Two  non-Federal 
local  protection  projects  provide  additional  protection  from  flood  flows. 

The  foregoing  projects  would  prevent  an  estimated  490  thousand  dollars 
or  only  II  percent  of  the  potential  average  annual  flood  damages  In  down- 
stream areas  under  1965  conditions  of  flood  plain  developments.  No 
protective  works  of  significance  have  been  constructed  In  upstream  areas. 

In  1965,  there  were  no  authorized  upstream  watershed  projects. 

Flowing  streams  within  the  subbasin  have  been  tapped  as  the  prin- 
cipal source  for  satisfying  major  municipal  and  Industrial  water  demands. 
Griggs,  Hoover,  and  O’Shaughnessy  Reservoirs  furnish  a major  portion  of 
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the  water  supply  reauirements  of  the  Columbus  area.  Over  three-fourths 
of  the  total  water  demand  in  the  Scioto  subbasin  is  in  the  Columbus 
area.  Rural  water  needs  are  served  primari ly  from  ground  water  sources. 
Fifty  percent  of  the  municipal  withdrawals  outside  of  Columbus  are  taken 
from  ground  water. 

Recreation  facilities  at  reservoirs  and  along  natural  streams  have 
been  provided  by  Federal  and  non-Federal  Interests.  State  parks,  state 
forests  and  other  recreation  areas  exist  in  the  subbasin.  Stream 
pollution  cleanup  efforts  have  enhanced  these  programs  in  many  reaches. 
Development  and  management  programs  have  been  put  Into  effect  to  Improve 
land  cover  and  provide  facilities  for  recreation,  hunting  and  fishing 
throughout  the  subbasin.  The  I960  use  was  4.7  million  recreation  days, 

1.5  million  angler  days  and  530  thousand  hunter  days. 

b.  Future  Demand.  Projected  regu i rements  of  the  expanding 
economy,  which  will  intensify  demand  for  further  use,  development,  and 
management  of  water  and  related  land  resources,  are  shown  in  table  SI-1. 

It  will  be  noted  that  municipal  and  Industrial  water  supply  with- 
drawals existent  In  I960  will  Increase  about  3.5  times  by  2020, 
increasing  from  about  136  million  gallons  per  day  to  4b6  mgd.  Addi- 
tional streamflow  to  provide  waste  assimilation  capacity  within 
acceptable  standards  of  guallty  is  now  needed  to  absorb  ornanic  waste 
loads.  Much  more  will  be  regu I red  in  the  future,  as  wastes  are 
projected  to  increase  almost  3.5  times  the  I960  loads  by  2020.  The 
Columbus-Ci rclevi I le-Ch i I I icothe  area  is  the  most  critical.  The  flow 
in  this  reach  of  the  Scioto  River  provided  by  the  going  program  is  41 
cfs.  The  1980  regu i rement  Is  434  cfs  Increasing  to  739  cfs  by  2020. 

It  should  be  noted  that  this  is  18  times  as  great  as  the  flow  available 
with  the  going  program. 

Only  7.5  percent  of  the  potential  natural  damages  from  flood  flows 
would  be  prevented  by  tne  going  program  for  flood  control.  Protection 
works  and  management  programs  will  be  needed  to  prevent  potential  flood 
damages  projected  by  2020  to  be  nearly  four  times  the  1965  residual 
annual  average  of  S6  million. 

The  demand  for  outdoor  recreational  opportunities  is  predicted  to 
increase  over  tenfold  by  2020.  This  demand,  In  conjunction  with  increased 
hunting  and  fishing  pressure,  will  regu I re  full  utilization  of  all  resource 
potentials  affiliated  with  water  resource  developments. 

By  2020,  nearly  three  million  acres  of  land  will  repul  re  treatment 
and  management  measures.  The  economic  potential  for  agriculture 
irrigation  and  agricultural  land  drainage  is  the  third  highest  In  the 
Ohio  River  Basin;  irrigated  land  area  Is  projected  to  Increase  163,400 
acres  by  2020  and  additional  land  that  can  be  economically  drained, 

580,000  acres. 
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3.  Resource  Availability.  The  potential  for  storage  control  of 
surface  waters  of  the  Scioto  subbasin  in  relation  fo  need  Is  limited. 
Reservoir  sites  are  not  plentiful,  but  are  adequate  to  meet  needs 
projected  for  2020. 

Five  potential  reservoirs  with  a total  storage  capacity  of  about 
350  thousand  acre-feet  have  been  Investigated  In  some  detail.  Con- 
struction of  these  projects  would  control  runoff  from  20  percent  of 
the  subbasin  area,  Increasing  the  total  area  controlled  to  50  percent. 
There  are  20  potentially  feasible  upstream  watershed  projects 
containing  sites  for  85  water  detention  structures  having  a total 
of  about  277  thousand  acre-feet  of  storage  capacity  which  would 
provide  control  of  497  square  miles  of  watershed  area. 

Ground  water  In  large  supplies  is  available  in  the  northern  part 
of  the  subbasin  and  along  the  Scioto  River  and  major  tributary  valleys. 
Along  the  Olentangy  River  and  Alum  Creek  and  in  the  Scioto  River 
Valley  below  Columbus,  sand  and  gravel  aquifers  have  high  yields. 
Because  of  limited  ground  water,  conservation  of  surface  waters  will 
be  required  to  supply  water  demands  In  the  southern  part  of  the  sub- 
basin outside  the  Immediate  valley  of  the  Scioto  River. 

There  Is  no  known  hydroelectric  power  potential  practical  of 
development. 

The  subbasin  has  many  scenic  and  wooded  areas  which  can  be  uti- 
lized for  outdoor  recreation  development  and  wildlife  management. 

4.  Assessment  of  Resource  Development  Requirements.  The  subbasin 
map,  figure  SI-1,  shows  the  principal  water  supply,  water  quality  and 
major  urban  flood  problem  areas,  together  with  reservoirs  in  the 
going  program  of  development  and  those  Identified  as  potential  future 
projects.  Also  shown  are  potential  upstream  watershed  projects. 

Summary  data  for  projects  In  the  going  program  are  given  In  Appendix 

K,  tables  15  through  19  and  for  Identified  potential  projects  in  tables 
24  through  27.  The  relationship  of  problem  areas  and  projects  In 
the  going  program  is  shown  schematically  In  figure  SI-2  and  key  data 
relating  to  problem  areas  are  given  In  table  SI-2.  The  schematic 
diagram  was  used  for  orientation  in  the  analysis  for  establishing 
development  requirements  for  streamflow  control.  An  accounting  of 
storage  capacity  for  streamflow  control  Is  given  In  table  SI-3. 

Results  of  the  subbasIn  assessment  to  determine  the  magniutde  and 
costs  of  resource  development  required  to  satisfy  projected  demands  for 
water  and  related  functions  and  services  are  summarized  In  table  SI-4. 

a.  Requ I rements  to  be  Furn I shed  by  I dent  I f I ed  Resource 
Potent  I a I . The  analysis  of  demand  for  water  and  related  functions  and 
services  and  of  the  means  whereby  these  demands  can  be  satisfied  Indi- 
cates that  the  solution  to  water  supply  and  particularly  water  quality 
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and  flood  problems,  will  recjulre  development  of  additional  storaae 
capacity  for  streamflow  control.  The  anaivnis  further  demonstrates 
the  need  for  local  protection  projects  and  channel  Improvement  In 
critical  locations,  either  singly  or  In  combination  with  reaulatlon 
of  streamflow,  to  bes+  cope  with  the  flood  problems. 

The  aggregate  total  storage  space  needed  bv  2020  to  provide 
regulred  streamflow  control  in  addition  to  the  going  prooram  of 
resource  development  Is  estimated  to  be  about  2.2  million  acre-feet. 
About  1.3  million  acre-feet  will  be  reouired  for  the  control  of  flood 
flows  and  about  877,000  acre-feet  to  provide  for  low  flow  regu 1 rements . 
The  flood  control  plan  for  the  Scioto  subbasin  in  addition  to  develop- 
ments in  the  going  program,  consists  of  utilization  of  259,000  acre-feet 
of  the  reservoi r space  In  the  five  Identified  potential  reservoirs 
for  flood  storage;  62,000  acre-feet  or  about  22  percent  of  the  storage 
capacity  in  potential  upstream  watershed  projects  for  floodwater  retar- 
dation and  497  miles  of  channel  improvement  in  agricultural  flood  plain; 
and  one  small  and  six  major  urban  local  protection  projects.  In  addi- 
tion, flood  plain  management  must  be  established  as  an  integral  par+  of 
the  overall  flood  protection  and  flood  damage  prevention  program. 

Thirty-four  areas  needing  additional  water  supply  or  water  gualltv 
improvement  by  2020  have  been  Identified.  About  246,000  acre-feet  of 
storage  capacity  to  serve  these  areas  can  be  provided  in  identified 
potential  developments.  Storage  caoacitv  in  potential  upstream  watei — 
shed  detention  structures  would  be  approximately  87,000  acre-feet,  and 
In  identified  reservoirs,  99,000  acre-feet;  the  remaining  60,000  acre- 
feet  is  flood  storage  space  available  for  Joint  use.  The  ground  water 
potential  is  considered  more  than  adecuate  to  furnish  107  mgd  toward 
satisfying  water  withdrawal  demands. 

The  potential  reservoirs,  watershed  projects  and  availability  of 
clean  streams  could  provide  opportunities  for  over  II  million  recreation 
days  if  adeguate  access  and  facilities  are  made  available. 

Total  area  in  potential  feasible  upstream  watershed  projects  is 
about  two  million  acres.  Of  this  amount,  it  is  estimated  that  approxi- 
mately l.l  million  acres  of  cropland,  pasture,  and  woodland  will  reguire 
treatment  and  management  to  enhance  land  productivity  and  serve  other 
beneficial  purposes.  Retardation  of  runoff,  control  of  erosion,  and 
reduction  of  sediment  transpor'*'  to  streams  are  important  considerations. 

The  magnitude  of  the  water  resource  development  and  related  items 
furnished  by  Identified  resources  are  summarized  in  Part  I,  table  SI -4. 

b.  Remaining  Requirements.  Storage  capacity  of  630  thousand 
acre-feet  at  unidentified  sites  Is  required  to  supplement  streamflows 
during  low  flow  periods  to  proyide  guality  control  and  furnish  water  for 
withdrawal  and  use.  It  includes  an  amount  for  water  reguired  in 
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Storage  capacity  that  can  be  made  available  in  identified  potential 
projects  Is  sufficient  to  provide  for  subbasin  flood  control  requirements 
and  would  also  furnish  a portion  of  the  capacity  required  for  flood 
stage  reduction  on  the  Ohio  River.  The  approximate  one  million  acre-feet 
for  which  additional  oevelopment  will  be  required  is  the  remaining  amoun+ 
needed  In  the  Scioto  subbasin  to  assist  in  regulating  the  Ohio  River 
Standard  Project  Flood. 

The  extent  to  which  demand  for  outdoor  recreational  opportunity 
can  be  satisfied  at  other  locations  beyond  that  provided  by  identified 
developments  has  not  been  defined.  A portion  of  the  remaining  require- 
ment can  be  met  In  conjunction  with  other  needed  water  resource 
developments  in  the  subbasin.  However,  to  satisfy  recreation  require- 
ments beyond  the  potentials  associated  with  water  resource  developments 
particularly  for  the  Columbus  metropolitan  area,  other  recreation 
developments  and  utilization  of  resources  in  other  subbasins  will  be 
requi red. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  potential  watershed  projects,  with 
exception  that  lands  to  be  irrigated  or  drained  may  be  located  in  or 
outside  watershed  projects.  By  the  year  2020,  approximately  l.O  million 
acres  of  cropland,  pasture,  and  woodland  would  be  subject  to  treatment 
and  management  measures,  some  of  the  more  common  being  contour  farming 
of  all  types,  controlled  grassland  fanning,  and  improved  forest  manage- 
ment and  utilization.  Land  area  to  receive  supplemental  Irrigation 
water  is  156,000  acres  and  that  to  be  drained,  442,500.  These  lands 
are  accounted  for  In  the  general  inventory  of  requirements  but  are  not 
Identified  by  specific  location. 

Part  2 of  table  SI -4  Is  a summary  of  remaining  items  to  be  provided 
by  unidentified  sites  and  assessed  In  the  Ohio  River  and  basin-wlde 
analysis. 


areas  not  Identified  by  specific  location  of  need  and  an  amount  required 
to  provide  stream  regulation  in  several  identified  areas  of  need,  but 
for  which  storage  developments  are  not  Identified.  Reservoir  storage 
potential  in  the  Scioto  subbasin  is  physically  limited  and  advanced 
waste  treatment  may  prove  more  economical  or  even  a necessity  in  the 
future,  particularly  near  Columbus  and  in  upstream  areas. 
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TABLE  SI -I 

SCIOTO  subbasin 

OEhANO  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease  ^ ^ 

Uni  t 

Amount 

I960 

2020 

Water  Wi thdrawa 1 

Municipal  and  1 ndustr I al 

Million  Gallons  Per  Day 

136.3 

109.7 

466 . 1 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

312 

0 

312 

Rural  Communities 

Million  Gallons  Per  Day 

20.9 

1 .7 

11.7 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

8.39 

4.01 

12.61 

1 rr  1 gat  Ion  (3) 

Million  Gallons  Per  Day 

1 .7 

8.4 

78.7 

Stream  Assimilation  of 
Organic  Waste  £fffuent{^) 

1 ,000  Population 
E qu 1 va 1 en  t s 

252.2 

189.0 

850.7 

Flood  Damage  Prevent ion(5) 

Million  Dollars  Annually 

0.49 

9.27 

23.14 

Waterway  Freight  Movement^^^ 

Million  Ton-Mi les 
Annua  1 1 y 

0 

- 0 

0 

Hydroelectric  Power  - 
Installed  Capaci ty 

Megawatts 

0 

(Assessed  on  a 

bas i n*wi de  basis) 

Outdoor  Recreat Ion 

Million  Recreation  Days 

4.7 

14.8 

46.8 

Sport  F I shi ng 

Mill  ion  Angler  Days 

1 .50 

0.37(7) 

1 .30(7) 

Hunt  I ng 

Million  Hunter  Days 

0.53 

0.08 (7) 

0.28  (7) 

Commercial  Fishing 

(Assessed  on  a 

basin-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

0 

896 

2.340 

Oral nage 

1 ,000  Acres 

1 .226 

393 

485 

Irrigation  (Land  Area) 

1 ,000  Acres 

3.4 

18.8 

163.4 

NOTES: 


(1)  Base  year  amounts  plus  projected  Increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I98O  and  2020)  are  Indices  to  the  magnitude  of  the  problem  and  the  protection  tne^surei 
required  to  reduce  the  potential  damaging  effects  of  floods. 


(6) 


An  Index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
f rei ght . 


a 


(7)  Net  requirements. 


f 


i 


table  SI*2 
SCIOTO  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERHtNINU  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS)  . 


Problem  Area^'^ 

Stream 

Reau i red 

1980 

F low^^^ 
2020 

F low  Provided  by 
Goinq  Proqram 

Supplementa 1 
F 1 ow  Reou i red 

1980  2020 

Kenton 

Scioto  River 

19 

40 

3 

16 

37 

Columbus-Ci re  lev! 1 le- 
Chi 1 1 i cothe 

Scioto  River 

475 

780 

M 

A 34 

739 

Sabina 

Wi  1 son  Creek 

3 

20 

5 

0 

15 

Plain  City 

Big  Darby  Creek 

k 

20 

5 

0 

15 

Marion 

Little  Scioto  R i ver 

75 

|i*5 

2 

28 

143 

Ri chwood 

Fulton  Creek 

k 

20 

5 

0 

15 

Marysvi 1 le 

Mill  Creek 

16 

40 

1 

15 

39 

Gallon 

Olentangy  River 

30 

55 

1 

29 

54 

Mt . Gl lead 

Whetstone  Creek 

11 

30 

5 

6 

25 

Reynoldsburg 

Blackl ick  Creek 

1 1 

30 

5 

6 

25 

Westerv i 1 le 

Alum  Creek 

1 1 

20 

5 

6 

15 

West  Jefferson 

Little  Darby  Creek 

k 

30 

5 

0 

25 

London 

Deer  Creek 

12 

30 

5 

6 

25 

Greenf i e 1 d 

Paint  Creek 

16 

40 

3 

13 

37 

Hi  1 1 sboro 

Rocky  Fork  Creek 

1 1 

30 

5 

6 

25 

Washington  Court  House 

Paint  Creek 

30 

55 

3 

27 

52 

Jackson 

Little  Salt  Creek 

13 

20 

5 

6 

15 

WATER  REQUIRED  TO  SATISFY 

DEMANDS  FOR  WITHDRAWAL 

ANO  USE  (IN  ADDITION  TO  THAT 

PROVIDED  IN  BASE  YEAR) 

(MOD). 

1 tern 

00 

0 

2020 

1,  Total 

wi thdrawat 

126 

565 

2 . To  be 

provided  by  groundwater 

25 

107 

3.  Total 

consumpt i ve  use 

22 

167 

C.  FLOOD  DAMAGE  AREAS. 

Res  i dua  I Darnages 

Locat ion  (Millions  Dollars) 

1 . Upstream  areas  1 . 97 

2.  Major  urban  areas^'^  1.76 

LaRue,  Scioto  River 
Kenton,  Scioto  River 
Washington  C.H.,  Paint  Creek 
ChMIicothe,  Scioto  River 
Columbus.  Scioto  t Olentangy  Rivers, 

Alum  & Big  Walnut  Creeks 

3.  Other  flood  plain  areas  2 . 28 

4.  Total  subbasin  6.01  Projected  to  9.27  lr>  1900  and  23  14  in  2020. 


NOTES: 


(1)  See  figure  Sl*1  for  geographic  location  of  principal  problem  areas  and  figure  Sl*2  for  schematic  relat  onship. 

(2)  Streamflov*  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  Industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  I965  flood  control  program  completed  (1965  constant  dollars). 


table  si-3 


SCIOTO  SUBBASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


T/r:e  Perioa 


Storage  ( 1 ,000  Ac  F t j 


A.  WATER  QUALITY  CONTROL. 


1.  Storage  required^*^ 

275.'* 

46^3.  L 

2.  Storage  provided  in  identified  pott.-ntial  sites 

U.b 

4 6 

3.  Additional  storage  required 

270.8 

462.0 

WATER  WITHDRAWALS. 

1.  Storage  required 

35.6 

410,2 

FLOOD  CONTROL 

1.  Subbasin  and  Ohio  River  control  requirenent 

U ) 4 . 6 

1 .316- 1 

2.  Storage  provided  in  identified  potential  sites 

160.8 

301  1 

a.  for  solving  localized  problers 

(24.8) 

(62,1) 

b,  effective  in  controlling  both  subbasin  and  Oblo  River  flows 

(136.0) 

U19  QJ 

3.  Additional  storage  required^^) 

253.8 

1 .015  0 

TOTAL  STORAGE  REQUIREMENT. 

1.  water  quality  control,  water  withdrawals,  and  flood  control 

725.6 

2.192.9 

2.  Available  in  identified  potential  sites^^^ 

261  .6 

487.3 

3.  Joint  use  storage 

6C  2 

4.  Additional  storage  required^^) 

431.8 

1 .64S.4 

NOTES;  (I)  Storage  capacity  required  to  provide  supplenental  flows  at  key  urban  locations  and  rural  conirunities  In 
upstrear  watershed  areas. 

(2)  Rer-aining  Scioto  subbasin  share  of  storage  required  to  reduce  the  Ohio  River  Basin  Standard  Project  Flood 
to  the  paxirrum  flood  stage  of  record. 

(3)  See  figure  S I - I . 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 


TABLE  SI -4 


SCIOTO  SUBBASIN 

SUHHARY  ASSESSMENT  Of  RESOURCE  DEVELOPMENT  REQUIREMENTS 


Elements  tin : t 


PABT  1.  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 
A.  Streamflow  Control  and  In-Stream  Use 


Addi t ional 
166  ' 
Capital  Cost 


mu i rewant 

2020  CAccutaulat  ■veT 
Capital  C 


1 , 

Stora9e  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

31.7 

100.8 

22.300 

186.2 

36.600 

2, 

Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1 .000  Ac  Ft 
Mi  les 
Miles 

571.4 

0 

0 

160.8 

3.1 

199 

49.500 

4,000 

7.900 

301.1 

10.3 

497 

77,300 

8.300 

19.800 

3. 

Navigable  Waterway 

a.  improvement  to  existing  waterway 

Miles  of  Chanrte  1 

0 

b.  new  waterway 

Mi les  of  Channel 

_ 

c.  channel  deepening  to  12  feet 

Mi les  of  Channel 

- 

- 

- 

- 

- 

4. 

Hydroelectric  Power  - 
Ins tal led  Capac i ty 

Megawatts 

0 

0 

0 

(Assessed  on 
wide  Bas  >s) 

a Bas  rYY* 

Related  Programs 

1. 

Out<k}or  Recreatlon^^^^^^ 

Million  Recreation 

4.7 

2.9 

10,200 

M.6 

‘♦1.000 

Days 

2. 

Watershed  Project  Land  Treatment 

1 ,000  Acres 

0 

459.6 

11.500 

1.149.0 

28.700 

and  Managemen t (4 ) 

COSTS  - 

PART  1 

105.400 

211.900 

REMAINING  REQUIREMENTS. 

Streamflow  Control  and  fn-Stream  Use^^^ 

. 

1 . 

Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

- 

178.0 

45.400 

630.4 

160.600 

2. 

Storage  for  Contro)  of  Fiood  Flows 

K00€  Ac  ft 

- 

253.5 

64.700 

1.015.0 

258.800 

3. 

Hydroelectric  Power 

(Assessed  on 

a Bas In-wide  Bas is) 

Rel 

lated  Programs 

1 . 

Outdoor  Recreation 

Mill  ion  Recreation 
Days 

- 

13.9 

48,400 

35.2 

122.900 

2, 

Fish  and  Wildl ife 

A.  Fpor, 
b.  hunt {ng(2)(6) 

Mill  ton  Angler  Days 
Million  Hunter  Days 

1.50 

0.53 

0.37 

0.08 

1 ,300 
300 

1.30 

0.28 

4.600 
1 .000 

c.  co«T*nercial  fishery 

(Assessed  on 

a Bas in-wi de  6a$ Is } 

Land  Treatment  and  Management 

1. 

Lands  Outside  Watershed  Projects 

1 ,000  Acres 

- 

436.0 

10.900 

1 ,191 .2 

29.800 

2, 

Irrigation  (Acres  to  be  Irrigated) 

1 ,000  Acres 

3.4 

18.1 

1 .700 

<56.0 

14,400 

3. 

Drainage 

1 .000  Acres 

1 .226 

380.2 

48.300 

442.5 

56.200 

COSTS  - 

PART  2 

221.000 

646.500 

TOTAL  COSTS  - (PARTS  1 

AND  2) 

326.400 

8^~UO0 

(1) 

Requirement  in  addition  to  that  provided  by 

going  development  programs. 

(2) 

Costs  shown  are  for  Initial  facilities  and 
land  cost.  Base  year  I960. 

such  measures  as  may  be 

required  to 

implement  the  program,  and  do 

not  include  water  and  related 

(3) 

The  number  of  outdoor  recreation  days  shown 
ava i lable  data. 

Include  some  sport  fishing  and 

hunt 

inq  which  could 

not  be  seoarately  accounted  for  in 

('*) 

Land  area  and  costs  shown  arc  for  total  land  treatment  and  management  requ 
development  related  and  other  lands. 

irements  in  watershed 

1 projects  and 

cover  both  water  resource 

(5) 

Specific  S'tes  to  provide  storage  capacity 
available. 

for  streamflow  control 

are  not 

i dent i 

fied.  however. 

favorable  storaqe  s < tes  are  peteM 

■ ai  1, 

(6)  Because  of  population  and  resource  distributions,  remaining  subbasin  requirements  for  outdoor  recreation,  sport  f.sh.nQ  and  hunt  nq  pr^t 
sat'Stied  by  water  resource  developments  may  require  a trade  off  with  adjacent  subbasins  or  satisfied  by  other  means. 
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1  PROJECTS  IN  GOING  PROGRAM 


^eipi  ol  tng< 


2  POTlN’iAi  PROJECTS 


3  PCOBUM  AREAS 


E mSTiN^ 


• IUys«l4ik'« 


VICINITY  MAP 


LEGEND 

PROJECTS  IN  GOING  PROGRAMS 
J>=  Corps  of  Engineers  Reservoir 
PROBLEM  AREAS 
Ml  Water  supply 


9 Water  Quality 


Major  Flood  Damage 


Plain  City 


Marysville 


BIG  DARBY 


West  Jefferson 


DEER  CREEK 


DELAWARE 


Reynoldsburg 


Washington  C H Greenfield  PAINT  CREEK 


SALT  CREEK 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

SCIOTO  SUBBASIN 
ANALYSIS  SCHEMATIC 
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I.  Planning  Environment.  The  Great  Miami  and  Little  Miami  River 
subbasins  are  situated  In  the  north-central  portion  of  the  Ohio  Basin. 
The  Great  Miami  subbasin  contains  5,400  square  miles  and  the  Little 
Miami,  1,760  square  miles.  Together,  they  cover  about  4.4  percent  of 
the  Ohio  Basin  study  area.  The  Great  Miami  subbasin  Includes  portions 
of  southwestern  Ohio  and  southeastern  Indiana;  but  the  Little  Miami 
subbasin  Is  entirely  In  southwestern  Ohio.  The  topography  in  the 
upper  and  middle  portions  of  the  subbasins  Is  typified  by  level  to 
gently  rolling  plains  broken  by  the  wide  valleys  of  the  larger  streams. 
In  the  lower  reaches  of  the  subbasins,  the  terrain  changes  to  rolling 
and  hilly  as  the  rivers  near  the  Ohio  River.  Portions  of  the  subbasins 
are  heavily  forested.  Prehistoric  Indian  tribes  found  the  rich  soil 
and  bountiful  forests  and  wildlife  suitable  for  developing  advanced 
cultures. 

The  climate  Is  generally  typical  of  the  central  section  of  the 
Ohio  Basin  study  area,  and  the  growing  season  approaches  the  Basin 
average.  The  subbasins  have  a history  of  heavy  rains  and  summer 
thunderstorms  with  Intense  rainfall.  Runoff  per  unit  of  area  is  less 
than  the  average  for  the  Ohio  Basin;  nevertheless,  flooding  occurs  In 
many  areas.  In  contrast,  extended  droughts,  although  infrequent  have 
caused  major  crop  losses  and  acute  water  shortages. 

In  the  early  1800's,  Immigrants  fanned  out  from  the  areas  along 
the  Ohio  River  and  found  the  hinterland  conditions  ideal  for  a self- 
contained  economy.  Many  small  urban  centers  and  rural  communities 
stemmed  from  this  early  beginning.  Dayton,  Springfield,  Middletown, 
Hamilton  and  other  cities  In  the  area  grew  rapidlv  to  form  one  of  the 
major  industrial  and  commercial  centers  of  the  nation.  The  section  of 
the  Great  Miami  River  subbasin  in  the  State  of  Ohio  is  one  of  the  most 
highly  urbanized  in  the  Ohio  Basin.  The  downstream  portion  of  the 
Little  Miami  River  subbasin  contains  a portion  of  the  Cincinnati,  Ohio, 
metropolitan  area,  while  upstream  thereof  the  area  Is  essentially  rural 
in  character.  A considerable  reach  of  the  Little  Miami  River  has 
unique  scenic  features  and  is  being  considered  in  Federal  scenic  river 
legislation  to  preserve  Its  natural  beauty. 

The  Great  Miami-Little  Miami  subbasins  contain  7.4  percent  of  the 
population  and  7.8  percent  of  the  labor  force  In  the  Ohio  Basin  study 
area,  and  produce  8.4  percent  of  Industrial  output.  A considerable 
portion  of  the  economy  Is  based  on  the  steel  producing  and  related 
automobile  and  machine  tool  Industries;  paper  and  other  manufacturing 
are  also  Important.  Both  agricultural  and  Industrial  workers  live  at 
an  economic  level  above  the  Ohio  Basin  average.  Though  city  slums  and 
Isolated  poverty  exist,  there  are  comparatively  few  people  with  sub- 
standard Incomes  In  the  area.  Projective  economic  studies  indicate 
that  the  general  economy  of  the  Great  Miaml-Little  Miami  area  will 
continue  to  grow  at  a greater  rate  than  that  of  the  overall  Ohio 
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Basin.  The  availability  of  excellent  transpor-^ati on  facilities,  and 
rapid  growth  in  educational  and  cultural  activities  are  expected  to 
increase  the  services  sector  of  the  economy  substantially. 


2.  Demand  for  Water  and  Re  I ated  Functions  and  Services.  Base  year 
and  projected  Increases  that  comprise  gross  demands  for  water  and 
related  functions  and  services  are  I i sted  in  table  GM-I.  Principal 
considerations  in  determining  storage  capacity  requirements  for  control 
of  streamflow  are  provided  in  table  GM-2.  The  concentration  o* 
economic  activity,  primarily  in  the  Grea+  Miami  subbasin,  has  not  onlv 
resulted  In  large  demands  for  water,  flood  protection,  recreation,  and 
other  water  related  functions  and  services;  but  has  resulted  in  the 
aggravation  of  problems  associated  with  municipal  and  Industrial  waste 
and  other  stream  pollution. 

In  general,  present  municipal  and  industrial  water  supplies  are 
adequate  in  quantity.  However,  to  satisfy  projected  future  demands, 
careful  development  and  control  of  ^he  available  resources  will  be 
required.  As  to  quality,  both  ground  and  surface  waters  are  hard,  and 
ground  water  sources  generally  contain  excessive  amounts  of  iron. 
However,  the  primary  cause  for  adve’"se  water  quality  is  organic  wastes 
from  municipal  sewage  systems  and  industrial  outfalls.  The  lack  of 
sufficient  streamflow  to  fully  assimilate  organic  waste  loads  is  a 
serious  problem,  particularly  along  the  Great  Miami  River.  Heat  dis- 
charged from  thermal  electric  generating  plants  situated  along  the 
larger  streams  in  the  Great  Miami  subbasin  contribute  further  to 
degradation  of  stream  quality. 

Flooding  is  a problem  at  many  locations;  upstream  watershed  areas 
are  in  particular  need  of  additional  protection. 

Land  treatment  and  management  and  additional  irrigation  and 
drainage  improvements  will  be  required  to  develop  the  full  economic 
potential  of  the  land  base. 


Additional  outdoor  recreation  facilities  are  needed  in  the 
HamI Iton-MI dd letown-Dayton  and  Springfield  metropolitan  areas.  Due  to 
the  high  degree  of  urbanization  in  these  areas,  outdoor  recreational 
demand  is  high  and  Is  projected  to  increase  considerably.  To  keep  pace 
with  this  demand,  existing  areas  must  be  expanded  and  many  new  areas 
developed  to  provide  the  opportunity  required. 


a.  Go  I nq  Proqram  Accomp I i shment.  Summary  data  for  projects 
in  the  going  program  are  given  in  Appendix  K,  tables  15  through  20. 
See  figure  GM-I  for  location. 


The  major  flood  control  works  in  the  Great  Miami  subbasin  are  those 
constructed  and  maintained  by  the  Miami  Conservancy  District.  The  ori- 
ginal works,  constructed  between  If’IS  and  1972,  constituted  the  first 
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systems  aoproach  to  flood  control  in  the  Ohio  Basin.  Developments 
existing  in  1965  consisted  of  five  retarding  basins  wl+h  841,000  acre- 
feet  of  flood  storage  capacity  and  12  local  protection  projects  wi+h 
53  mi les  of  levees  and  43  mi les  of  channel  improvements  through  urban 
areas.  The  retarding  basins  control  50  percent  of  the  area  in  the 
Great  Miami  subbasin.  The  District  also  furnishes  flood  plain 
Information  to  local  governmental  bodies  and  encourages  flood  plain 
zoning  in  areas  adjacent  to  the  Great  Miami  River. 

In  addition  to  the  District's  control  works,  two  Federal  multiple- 
purpose  reservoirs,  the  Clarence  J.  Brown  Reservoi r located  In  Ohio, 
and  the  Brookville  Reservoir  in  Indiana,  were  under  construction.  The 
two  will  provide  a total  of  about  247,000  acre-feet  of  storage  for 
control  of  floods,  21,000  acre-feet  for  low  flow  supplementation  ana 

45.000  acre-feet  of  storage  in  joint  use  for  both  purposes.  In  addition 

89.000  acre-feet  would  be  provided  for  water  supply  in  Brookville 
Reservoir.  These  reservoirs  will  control  an  additional  seven  percent 
of  the  area  In  the  Great  Miami  subbasin,  ‘''wo  authorized  upstream 
watershed  projects  in  the  Great  Miami  subbasin  cover  80  sauare  miles 
and  include  21.4  miles  of  channel  improvement  and  II  sites  with  5,450 
acre-feet  of  storage  capacity  for  floodwater  detention  and  a small 
amount  for  other  purposes. 

In  the  Little  Miami  subbasin,  one  local  protection  project  was 
complete  and  the  East  Fork  and  Caesar  Creek  Reservoirs  were  in  precon- 
struction planning  stage.  These  two  reservoirs  will  control  runoff 
from  about  one- third  of  the  area  in  the  Little  Miami  subbasin.  They 
will  provide  approximately  359,000  acre-feet  of  storage  for  flood 
control,  146,000  acre-feet  of  storage  for  water  supply  and  water  guality 
Improvement  and  101,000  acre-feet  for  joint  use.  There  were  no 
authorized  watershed  projects  in  the  Little  Miami  subbasin. 

The  foregoing  flood  control  projects  would  prevent  about  2.6  million 
dollars  in  average  annual  damages  with  1965  level  of  flood  plain  develop 
ment.  Nearly  all  of  the  damages  prevented  would  be  in  downstream  areas. 

Ground  water  within  the  subbasins  has  been  tapped  as  the  principal 
source  for  major  municipal  and  industrial  water  withdrawals.  Nine+y- 
six  percent  of  all  municipal  supply  is  furnished  from  wells.  In  the 
interests  of  future  control  and  improvement  of  water  gualitv,  the 
Miami  Conservancy  District  recently  began  studies  to  determine  the  most 
favorable  program  to  meet. state  and  Federal  water  guality  standards. 

Commercial  navigation  is  not  presently  feasible  on  either  the  Great 
Miami  or  Little  Miami  Rivers,  but  both  are  at  times  used  for  pleasure 
boating,  including  canoeing  on  the  Little  Miami  River. 

About  1.4  million  acres  of  land  had  been  drained  to  enhance 
agricultural  production,  as  Inventoried  in  I960.  Only  3,800  acres 
received  supplemental  Irrigation. 
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In  I960  there  were  seven  state  parks,  six  state  fish  and  game  areas, 
and  two  major  local  areas  with  a total  land  and  water  area  of  21,046 
acres  for  outdoor  recreation.  The  acreage  set  aside  for  water  oriented 
recreation  pursuits  ranked  the  area  near  the  bottom  in  relation  to 
other  areas  In  the  Ohio  Basin,  although  visitations  ranked  third  highest. 

Completion  of  the  four  Federal  reservoirs  and  developments  in  authorized 
watershed  projects  will  increase  available  land  and  water  substantially 
and  add  significantly  to  recreational  opportunity.  Even  so,  it  does  not 
appear  that  the  provision  of  opportunity  will  keep  pace  with  demand.  In 
I960,  five  million  recreation  days,  1.7  million  angler  days,  and  850,000 
hunter  days  of  outdoor  recreation,  fishing  and  hunting  were  recorded  in 
the  two  subbasins. 

b.  Future  Demand.  By  2020,  water  withdrawals  are  expected  to 
nearly  double  amounts  withdrawn  in  I960,  increasing  from  about  1.2 
billion  gallons  per  day  to  over  2,3  bgd.  Water  withdrawals  for  electric 
power  cooling  that  comprised  about  70  percent  of  total  withdrawals  in 
I960  are  estimated  to  increase  only  about  40  percent  and  total  about  50 
percent  of  withdrawals  in  2020.  Municipal  and  industrial  withdrawals 
are  projected  to  triple,  increasing  the  relative  percentage  of  total 
withdrawals  from  24  percent  in  I960  to  41  percent  in  2020. 

Organic  waste  loads  discharged  to  the  subbasins*  streams  are 
expected  to  increase  in  the  same  order  as  municipal  and  Industrial  water 
withdrawals,  about  threefold.  These  waste  loads  are  the  residual 
amounts  remaining  after  removal  of  85  percent  of  the  pollution  load  from 
waste  water  entering  sewage  treatment  plants  before  discharge  to  streams. 

Additional  streamflow  will  be  required  in  many  areas  to  provide  the 
assimilation  capacity  to  absorb  the  increased  waste  loads  within 
acceptable  standards  of  quality. 

About  36  percent  of  the  potential  average  annual  damages  with  1965 
level  of  flood  plain  development  would  be  prevented  by  orojects  in  the 
going  program  for  flood  control.  Residual  average  annual  damages  under 
these  conditions  would  be  about  4.6  million  dollars.  By  2020,  unless 
additional  protective  works  and  management  actions  are  taken  to  prevent 
them,  potential  average  annual  damages  are  estimated  to  become  nearly 
3.6  times  this  amount  with  projected  conditions  of  flood  plain 
development.  T 

Additional  electric  power  generation  will  be  required  to  support 
the  general  growth  of  the  economy.  There  will  be  additional  capacity 

Installed  In  the  Great  Miami-Little  Miami  subbasins,  with  some  of  it  in  * 

hydroelectric  power  plants  to  provide  peaking  capacity  for  use  in  con- 
junction with  thermal  or  nuclear  base  load  plants.  However,  it  is  1 

probable  that  the  greater  portion  of  the  energy  requirements  will  be 

imported  from  neighboring  areas.  J 

By  2020,  land  area  that  will  require  treatment  and  proper  manage-  | 

ment  for  efficient  use  is  projected  to  increase  over  2.3  million  acres.  j 

This  Is  approximately  50  percent  of  the  total  area  in  the  two  subbasins.  I 
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The  economic  potential  for  agricultural  irrigation  and  agricultural 
land  drainage  is  second  only  to  the  Wabash  subbasin;  Irrigated  land 
area  is  projected  to  Increase  188,000  acres  by  2020  and  additional 
land  that  can  be  economically  drained,  580,000  acres. 

There  will  be  a critical  need  in  the  Great  Miami-Little  Miami 
subbasins  area  for  additional  facilities  for  recreation  and  fish  and 
wildlife.  The  demand  for  outdoor  recreational  opportunities  is  oro- 
jected  to  total  over  14  times  1960  use  by  2020.  This  demand,  in  con- 
junction with  increased  hunting  and  fishing  pressure,  will  require 
full  utilization  of  water  and  lands  affiliated  with  water  resource 
development. 

3.  Resource  Availability.  The  ground  water  development  potential 
of  the  Great  Miami  and  Little  Miami  subbasins  is  one  of  the  best  in 
the  entire  Ohio  River  Basin.  The  glacial  outwash  deposits  in  these 
basins  are  capable  of  yielding  many  times  the  amount  of  water  presently 
withdrawn.  The  best  sources  of  ground  water  are  the  sand  and  gravel 
deposits  in  the  lower  Great  Miami  and  Mad  River  valleys.  High  yielding 
aquifers  are  also  located  along  the  entire  course  of  the  Whitewater 
valley  and  in  the  upper  Little  Miami  River  valley.  Bedrock  aquifers 
and  sand  and  gravel  lenses  within  the  glacial  drift  yield  moderate  to 
large  supplies  in  the  northern  third  of  the  Great  Miami  subbasin.  The 
central  and  southern  parts  of  the  subbasins  outside  the  Great  Miami  and 
Little  Miami  River  valleys  lack  a good  aquifer. 

Conservation  of  surface  waters  will  be  required,  particularly  in 
areas  with  serious  water  quality  problems  and  where  ground  water 
availability  is  insufficient  to  serve  withdrawal  demands.  Although 
detailed  inventory  of  reservoir  sites  has  not  been  undertaken,  the 
terrain  indicates  there  should  be  a sufficient  number  of  sites  to  satisfy 
2020  storage  requirements. 

Ten  potential  reservoirs  have  been  investigated  in  some  detail  and 
considered  feasible.  Six  of  the  reservoirs  are  in  the  Great  Miami  sub- 
basin; they  have  a total  storage  potential  of  244,000  acre-feet.  The 
remaining  four  are  in  the  Little  Miami  subbasin  and  have  a total 
storage  potential  of  414,000  acre-feet.  Twenty-three  potential 
upstream  watershed  projects  have  been  investigated,  17  in  the  Great 
Miz»nl  subbasin  and  six  in  the  Little  Miami  subbasin.  These  cover  4,067 
square  miles  of  the  two  subbasins  and  Incluoe  152  sites  with  a total 
potential  storage  capacity  of  312,000  acre-feet  for  sediment  control, 
floodwater  storage  and  other  uses. 

The  known  hydroelectric  power  potential  feasible  of  development  in 
the  Great  Miami-Little  Miami  subbasins  is  relatively  small.  The  Public 
Service  Company  of  Indiana  was  issued  a preliminary  permit,  effective 
I January  1964,  for  a three  year  period  to  investigate  the  feasibility 
of  constructing  a 240  megawatt  pumped  storaqe  installation  in  conjunc- 
tion with  the  Brookvl 1 le  Federal  multiple-purpose  project  on  the  East 
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Fork  Whitewater  River.  Two  undeveloped  power  sites  with  a tofal  capa- 
city of  15  megawatts  have  been  identified  in  the  Little  Miami  Fiver 
Basin.  Future  investigations  may  determine  additional  sites  feasible 
of  development. 

4.  Assessment  of  resource  Development  Requ i rements . Principal 
water  supply,  water  quality  and  flood  problem  areas,  together  with 
reservoirs  and  upstream  watershed  projects  In  the  going  program  of 
development,  and  those  identified  as  potential  future  projects,  are 
shown  on  the  subbasin  map,  figure  GM- I . Summary  data  for  identified 
potential  projects  are  given  in  Appendix  K,  tables  24  through  28.  The 
relationship  of  problem  areas  and  projects  in  the  aoing  program  is 
shown  schematically  in  figures  GM-2  and  LM-2.  Key  data  re  latino  to 
problem  areas  are  given  in  table  GM-2.  The  schematic  diaorams  were 
used  for  general  orientation  in  analyzino  problems  and  needs  and 
establishing  development  requirements  for  streamflow  control.  An 
accounting  of  storage  capacity  for  streamflow  control  is  given  in 
table  GM-3.  Results  of  the  subbasin  assessment  to  determine  the  magni 
tude  and  costs  of  resource  development  required  to  satisfy  projected 
demands  for  water  and  related  functions  and  services  are  summarized 
in  tab le  GM-4. 


a.  Requ  f rements  to  be  Furn  f shed  by  I dent i f f ed  Re sou rce 
Potent  I a I . Analysis  of  demands  for  water  and  related  functions  and 
services  and  of  the  means  whereby  these  demands  can  be  satisfied  indi- 
cates that  to  solve  water  supply,  water  quali-W,  and  flood  problems, 
development  of  additional  storage  capacity  for  streamflow  control  will 
be  required;  also  flood  plain  management  and  local  protection  projects 
and  channel  improvements  will  be  required  in  several  locations,  either 
singly  or  In  combination  with  streamflow  reoulation,  to  better  cope 
with  flood  problems. 

The  aggregate  storage  capacity  required  bv  2020  in  addition  to 
the  amount  available  in  the  going  program  to  provide  required  stream- 
flow  control  Is  estimated  to  be  about  1.65  million  acre-feet.  About 

706.000  acre-feet  will  be  required  for  control  of  flood  flows  and 
about  940,000  acre-feet  to  provide  for  low  flow  requirements.  The  com 
b i ned  requirement  can  be  met  with  1.51  million  acre-fee'‘  of  reservoir 
space  of  which  140,000  acre-feet  in  identified  projects  would  be 
utilized  on  a Joint  basis. 

Of  the  amount  of  reservoir  capacity  required  for  flood  control, 

573.000  acre-feet  would  be  proyided  in  the  10  identified  potential 
reservoirs.  About  126,000  acre-feet  or  about  40  percent  of  the  to*al 
potential  storage  distributed  in  upstream  watershed  projects  would  be 
utilized  for  flood  control.  In  addition  to  storaqe  control,  707  miles 
of  channel  Improvements  are  included  in  the  potential  upstream  water- 
shed projects  to  give  added  protection  in  rural  areas  and  to  agricul- 
tural lands.  The  location  of  one  small  local  protection  project  had 
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been  Identified;  however,  no  major  local  protection  projects  were 
proposed  as  of  July  1965.  In  consideration  of  projected  expansion  of 
economic  activity  and  high  degree  of  urbanization,  a rigorous  flood 
plain  management  program  will  assist  In  maintaining  the  effectiveness 
of  existing  and  proposed  protection  and  prevent  future  unwise  use  of 
flood  plain  lands.  The  damage  potential  mav  be  reduced  as  much  as  15 
to  20  percent  by  timely  management  actions. 

Thirty-seven  areas  with  existing  or  potential  water  supply  prob- 
lems have  been  identified.  Fifty  percent  of  these  areas  have  existing 
or  potential  water  guality  problems.  In  total,  there  are  26  water 
gual ity  problem  locations.  Flows  provided  bv  projects  in  the  going 
program  will  help  to  alleviate  water  supply  and  water  guality  problems, 
particularly  in  the  Great  Miami  subbasin,  but  by  1900  or  shon+ly 
thereafter  all  areas  are  predicted  to  have  problems  unless  steps  are 
taken  to  alleviate  them.  About  231,000  acre-feet  of  the  storage 
capacity  reguired  to  supplement  stneamflows  during  low  flow  periods 
can  be  provided  in  identified  poten-^ial  reservoirs  and  upstream  water- 
shed projects.  This  includes  the  j^'i  nt  use  of  I AO, 000  acre-fort  of 
flood  control  space.  Storage  provisions  are  limited  to  amounts  which 
are  beyond  the  capability  of  available  surface  and  ground  water  sources 
to  satisfy  demands.  It  is  estimated  that  additional  ground  water 
pumpaoe  will  exceed  500  million  gallons  per  day  by  2020. 

Inclusion  of  the  identified  hydroelectri c power  potential  of  255 
megawatts  installed  capacity  as  an  element  of  water  resource  develop- 
ment is  based  on  judgment  that  the  installation  would  be  usable  by 
1980  to  meet  a portion  of  the  growing  Ohio  Basin  power  reou i rements , 
and  would  be  desirable  if  proved  to  be  economically  feasible  in  com- 
parison to  alternative  sources  of  power  supply. 

Total  area  in  potentially  feasible  upstream  watershed  projects  is 
about  2.6  million  acres.  Of  this  amount,  it  is  estimated  tha"^  approxi- 
mately 1.4  million  acres  of  cropland,  pasture,  and  woodland  area,  of 
which  nearly  90  percent  is  crop  and  pasture  land,  will  reguire  •‘•reat- 
ment  and  management  to  enhance  land  productivity  and  serve  other 
beneficial  purposes.  Retardation  of  runoff,  control  of  erosion,  and 
reduction  of  sediment  transport  to  streams  are  important  considerations. 

It  is  estimated  that  outdoor  recreational  activity  egui valent  to 
13.7  million  recreation  days  can  be  accommodated  at  identified  potential 
reservoirs  and  developments  in  potential  upstream  watershed  projects 
provided  necessary  access  and  suopor'ing  facilities  are  made  available. 

b.  Remaining  Regu i rements . Storage  capacity  of  711,000  acre- 
feet  at  unidentified  sites  is  reguired  to  supplement  streamflows  during 
low  flow  periods  to  provide  guality  control  and  furnish  water  for  with- 
drawal and  use.  It  includes  an  amount  for  water  reguired  in  areas  not 
Identified  by  specific  location  of  need  and  an  amount  reguired  to  pro- 
vide stream  regulation  in  several  identified  areas  of  need,  but  for 
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which  storage  developments  are  not  Identified.  Future  detailed  investi- 
gations may  prove  reservoir  storage  to  be  more  costly  than  alternative 
measures  for  the  control  of  water  quality.  Intensified  studies  of 
ground  water  potential.  Including  artificial  recharge  and  use  of  this 
resource  for  flow  supplementation,  should  be  undertaken.  Some  trans- 
fer of  water  may  be  required.  Water  could  be  furnished  from  the  Ohio 
River  by  Installation  of  pipelines  and  pumping  stations. 

Storage  capacity  that  can  be  made  available  In  identified  potential 
projects  is  sufficient  to  provide  for  subbasin  flood  control  require- 
ments and  would  furnish  essentially  all  of  the  capacity  required  for 
flood  stage  reduction  on  the  Ohio  River. 

The  extent  to  which  demand  for  outdoor  recreational  opportunity  can 
be  satisfied  at  locations  other  than  provided  by  identified  resource 
developments  has  not  been  defined.  A portion  of  the  remaining  require- 
ment can  be  met  in  conjunction  with  other  needed  water  resource 
developments  in  the  subbasin.  However,  it  appears  that  to  satisfy 
recreation  demands  in  the  Great  Miami-Little  Miami  area  considerable 
additional  development  specifically  for  recreation  will  be  required. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  potential  watershed  projects,  with 
the  exception  that  lands  to  be  irrigated  or  drained  may  be  located  in 
or  outside  watershed  projects.  By  the  year  2020,  approximately  894,000 
acres  of  cropland,  pasture,  and  woodland  would  be  subject  to  treatment 
and  management  measures,  some  of  the  more  common  being  contour  farming 
of  all  types,  controlled  grassland  farming,  and  improved  forest  manage- 
ment and  utilization.  These  lands  are  accounted  for  in  the  general 
inventory  of  requirements  but  are  not  identified  by  specific  location. 
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GREAT  MIAhl,  LITTLE  MIAMJ  SUBBASINS 
DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease  ^ ^ 

Uni  t 

Amount 

1980 

2020 

Water  Withdrawal 

Municipal  and  1 ndust r i a 1 ^ 

Million  Gallons  Per  Day 

293.6 

169.0 

669.8 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

860 

0 

340 

Ru ra 1 Communi t ies 

Million  Gallons  Per  Day 

34. 

0.4 

20.0 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

10.49 

5.81 

12.01 

1 rrigat ion^3) 

Million  Gallons  Per  Day 

1.9 

9.5 

90.4 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Popu 1 at  ion 
Equi valents 

283.1 

152.7 

599.1 

Flood  Damage  Prevent  Ion (5) 

Million  Dollars  Annually 

2.61 

7.39 

16.59 

Waterway  Freight  Movement^^^ 

Mill  ion  Ton-Mi les 
Annual ly 

0 

0 

0 

Hydroelectric  Power  - 
Instal led  Capacity 

Megawatts 

0 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreat ion 

Million  Recreation  Days 

5.0 

21  .8 

65.6 

Sport  Fishing 

Mill  ion  Angler  Days 

1 .70 

0.25(7) 

1 .30(7) 

Hunt  1 ng 

Mill  ion  Hunter  Days 

0.83 

0,21 (7) 

0.53^^) 

Commerci a 1 Fishing 

(Assessed  on  a 

bas in-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

51 

I .036 

2,338 

Drai nage 

1 ,000  Acres 

1 ,414 

580 

Irrigation  (Land  Area) 

1 ,000  Acres 

00 

21  .4 

188.0 

NOTES: 


(1)  Base  year  amounts  plus  projected  Increase  equals  gross  demands 

(2)  Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  Is  for  average  year;  drought  year  may  be  U5  percent  higher. 

(^)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I98O  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight . 


(7)  Net  requirements. 


TABLE  GM-2 


GREAT  MIAMI,  LITTLE  MIAMI  SUBBASINS 
PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS)  . 


Problem  Area^ ' ^ 

S t ream 

Reau i red 
1980 

FIow^2) 

2020 

F 1 ow  P rov i ded  by 
Going  Program 

Supp 1 er  en  ta 1 
F I ow  Requ i red 

1980  2020 

Great  Miami  Subbasin 

Sidney,  Ohio 

Great  Miami  River 

32 

55 

18 

14 

37 

Pi qua-Troy-Tipp  City- 

Vandal ia , Ohio 

Great  Miami  River 

60 

95 

32 

28 

63 

Day ton -Middle town- 

Hami 1 ton  , Ohio 

Great  Miami  River 

740 

1 ,400 

175 

565 

1 .225 

Urbana,  Ohio 

Mad  River 

25 

40 

33 

0 

7 

Spr i ngf i eld , Ohio 

Mad  River 

120 

160 

115 

5 

45 

Greenvi lie,  Ohio 

Greenvi 1 le  Creek 

17 

Cov i ngton-Wes  t 

Stillwater  River 

32 

Mi  1 ton , Ohio 

Eaton.  Ohio 

Sevenmi le  Creek 

15 

30 

0 

15 

30 

Oxford,  Ohio 

Fourm'i  le  Creek 

20 

30 

0 

20 

30 

Be  1 1 ef on ta i ne , Ohio 

Buckonqahelas  Creek 

20 

30 

0 

20 

30 

Conners vi lie,  1 nd 

West  Fork  Whitewater  River 

35 

50 

35 

0 

15 

R i chmond , 1 nd 

East  Fork  Whitewater  River 

50 

90 

2 

48 

88 

Little  Miami  Subbasin 

Shawnee  Creek  & Little 

Miami  River,  Ohio 

28 

45 

0 

28 

45 

Geaver  Creek  & Little 

Miami  River.  Ohio 

28 

45 

0 

28 

45 

Kettering,  Ohio 

Little  Beaver  Creek 

28 

45 

0 

28 

45 

Lebanon,  Ohio 

Turtle  Creek 

14 

20 

0 

14 

20 

Wi  Imi ngton , Ohio 

Ly t les  Creek 

14 

20 

0 

14 

20 

Batavia.  Ohio 

East  Fork  Little  Miami  River 

40 

70 

5 

35 

65 

WATER  REQUIRED  TO  SATISFY 

DEMANDS  FOR  WITHDRAWAL  AND  USE 

(IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR) 

(MOD). 

1 tern 

IJ80 

2020 

1 , 

Total 

wi thdrawal 

190 

8\l 

2. 

To  be 

provided  by  groundwater 

129 

509 

3. 

Total 

consumptive  use 

32 

213 

C.  FLOOD  DAMAGE  AREAS. 

Location 

I . Upstrear  areas 

2.  Major  urban  areas 

No  major  urban  flood  damage  areas 
within  the  scope  of  this  study. 

3.  Other  flood  plain  areas 
k.  Total  subbasin 


Residual  Damages 
(Mill  ions  Pol larsi 

2.60 


Projected  to  7-^  in  1980  and  16.59  in  2020. 


NOTES: 


(1)  jee  figure  Ml-I  for  geographic  location  of  principal  problem  areas  and  figure  MI-2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  k parts  per  million  of  dissolved  oxygen, 

(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic, 
and  livestock,  and  irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  1985  flood  control  program  completed  (1965  constant  dollars). 


table  GM-3 


GREAT  HIAHI,  LITTLE  MIAMI  SUBBASINS 
ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


T i Period 

1980  2Q~ 

Storage  ,000  Ac  Ft 


, 

A. 

WATER  QUALITY  CONTROL, 

1 . 

Storage  required^*^ 

712.0 

2. 

Storage  provided  in  identified  potential  sites 

3.6 

3,6 

3. 

Additional  storage  required 

339.8 

708.9 

B, 

WATER  WITHDRAWALS. 

1 . 

Storage  required 

53.8 

229.6 

r 

c. 

flood  CONTROL. 

f 

1 . 

Subbas'o  and  Ohio  River  control  requirenent 

61  .1 

706  0 

2. 

Storage  provided  In  identified  potential  sites 

59.3 

699.0 

1, 

a.  for  solving  localized  problems 

b.  effective  in  controlling  both  subbasin  and  Ohio  Ri 

ver  flows 

(59.3) 

SSL.. 

(126.9) 

iizm 

1 

3. 

Additional  storage  required^^^ 

1 .8 

.0 

1 

D. 

total  STORAGE  REQUIREMENT. 

t . 

Water  quality  control,  water  withdrawals,  and  flood  control 

958.3 

1 .6^7.6 

2. 

Available  in  identified  potential  siles^^^ 

107.6 

790.0 

3. 

Joint  use  storage 

11,9 

139.8 

U, 

Additional  storage  required^^^ 

338.8 

717.8 

NOTES; 

(l>  Storage  capacity  required  to  provide  supplemental 
upstream  watershed  areas. 

flows  at  key 

urban  locations  and  rural  comr-un'i 

lies  in 

(2)  Remaining  Great  Miami,  Little  Miami  subbasins  share  of  storage 
Standard  Project  Flood  to  the  maximum  flood  stage  of  record. 

required  to  reduce  the  Ohio  River 

Bas  I n 

( 3)  S**e  figure  GM*  1 . 

(4)  Terrain  indicates  storage  sites  are  potentially  available. 
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GREAT  HIAHI,.  LITTLE  MIAMI  SUBBASINS 
SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


PART  I , 


A. 


PART  2. 


C 


NOTES: 


Add ' t ■ ona  I Requ  i r-?«nen  t 

1 980  I 020  (Accijriu  lat  ■ ve) 

Provided  in  Capital  Cost  Capital  Cost 

Program  Elements  Unit  Going  Proqrar)  Arnount ($1.000)  /Vnoimt  (SI.OOO) 

TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 

Streaffiflow  Control  and  In-Stream  Use 


1.  Storage  for  Increasing  Flows'and 
Furnishing  Water  for  Withdrawal  and  Use 

2.  Control  of  Flood  Flows 

1 .000  Ac  Ft 

‘♦01  .9 

‘♦8. 3 

6.200 

91 .0 

15.900 

a.  reservoir  and  detention  storage 

1 ,000  Ac  Ft 

612.2 

59.3 

24,300 

699.0 

177.700 

b.  local  protection  projects 

Mi  les 

0 

0 

0 

0 

0 

c.  channel  improvement 
3.  Navigable  Waterway 

Mi  les 

22 

n .200 

707 

24.100 

a.  improvement  to  existing  waterway 

Mi  les  of  Channel 

0 

. 

. 

b.  new  waterway 

Miles  of  Channe 1 

- 

- 

■ 

c.  channel  deepening  to  12  feet 

Miles  of  Channel 

- 

- 

- 

- 

- 

U.  Hydroelectric  Power  - 
Installed  Capacity 

Related  Programs 

Megawatts 

0 

255 

28.700 

(Assessed  on 
wide  Basis) 

a Bas in- 

1.  Outdoor  Recreat ion^^ 

Mill  ion  Recreat ion 
Days 

5.0 

1.8 

6.800 

13.7 

49. 600 

2.  Watershed  Project  Land  Treatment 
and  Management(^) 

REMAINING  REQUIREMENTS. 

Stre*»mf1ow  Control  and  In-Stream  Use^^^ 

1 ,000  Acres 

COSTS  - PART 

51 

1 

672.1 

16,800 

94.000 

1 .443.7 

36.100 

303,600 

1.  Storage  for  Increasing  Flovts  and 

Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

- 

337.0 

85.900 

710.8 

181.300 

2.  Storage  for  Controi  of  Flood  Flows 

3.  Hydroelectric  Power 
Related  Programs 

1 .000  Ac  Ft 

1.8 

500 

(Assessed  on  a Bas 

7.0 

in -wide  Basis) 

1 .800 

1.  Outdoor  Recreat ion^^^^^^ 

2 . Fish  and  Wildlife 

Mill  ion  Recreat ion 
Days 

20.1 

69.900 

51.9 

180.700 

a.  sport  f ishing^^^*^^ 

b.  hun t ing(2)(6) 

c.  co^rtercial  fishery 

Land  Treatment  and  Management 

Mill  Ion  Angler  Days 

1.70 

0.25 

900 

1.30 

4.600 

Million  Hunter  Days 

0.83 

0.21 

700 

(Assessed  on  a Bas 

0.53 

In -wide  Basis) 

1 .900 

1.  Lands  Outside  Watershed  Projects 

1 .000  Acres 

- 

363.7 

9.  ICO 

894.1 

22.400 

2.  Irrigation  (Acres  to  be  Irrigated) 

1 ,000  Acres 

3.8 

22.3 

2.000 

198.7 

18.300 

3.  Drainage 

1 ,000  Acres  1 ,UlU 

COSTS  - PART  2 

TOTAL  COSTS  - (PARTS  1 AND  2) 

‘♦63.8 

6S.400 

234.400 

328.400 

583.1 

82.200 

493.200 

^96.800 

(1)  Regu>rement  m addition  to  that  provided  by  going  development  programs. 

(2)  Costs  shown  are  for  initial  facilities  and  such  measures  as  may  be  reguired  to  implement  the  program,  and  do  not  include  water  and  related 
land  cost.  Base  year  I960. 

(3)  The  number  of  outdoor  recreation  days  shown  include  some  Sport  f-shing  and  hunting  which  could  not  be  separately  accounted  for  in 
aval lable  data. 

(*♦)  Land  area  and  costs  shown  are  for  total  land  treatment  and  management  reguirements  in  watershed  projects  and  cover  both  watei  resource 
development  related  and  other  lands. 

(5)  Specific  sites  to  provide  storage  capacity  for  streamflrnv  control  are  not  identified,  h.wiever.  favorable  storage  sites  are  potentially 
ava  > lable. 


(6) 


Because  of  population  and  resource  distrtbut 
satisfied  by  water  resource  developments  may 


ions,  remaining  suhbasin  reguirements  for  outdoor  recreation,  sport  fishing 
reguirc  a trade  off  with  adjacent  subbasms  or  satisfied  by  other  means. 


and  hunt ing  not 
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OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

GREAT  MIAMI  AND 
LITTLE  MIAMI  SUBBASINS 

principal 

WATER  SUPPLY  WATER  quality  AND  f LOOP 
PROPi  E VS 

RESERVOIRS  and  WATERSHE  D PROJECTS 
IN  GOING  program  and  potentials 


CClRRS  01  ENO'NEERS 

tPPENDii  t 


US  ARMv  OmN)  R VE*  D'VISiON 
EiOUtf  GM  I 


Bellefontame,  Ohio 


LEGEND 

PROJECTS  IN  GOING  PROGRAM 

P!>Corps  of  Engineers  Reservoirs 
Watershed  Project 

URBAN  PROBLEM  AREAS 
H Water  Supply 


Water  Quality 


* Sidney.  Ohio 


I Troy.  Ohio 


' Tipp  City.  Ohio 


Englewood,  Ohio  I 

Covington,  Ohio  West  Milton.  Ohio  / • Vandalia,  Ohio 


Fairborn,  Ohio  Springfield.  Ohio 


Dayton.  OhioT 


I Greenville.  Ohio 

Montgomery  County  | 
Greater  Moraine  S D . Ohio 


Urbana,  Ohio 


clarfnce  j brown 


EAST  FORK 
BUCK  CREEK 


I Franklin,  Ohio 


Cambridge  City.  Ind 


Germantown,  Ohio 


Middletown.  Ohio 


Centerville  . Ind 


DICKS  CREEK 
’ LITTLE  MUDDY  CREEK 


Richmond,  Ind  * 


I New  Miami.  Ohio 


Connersville.  Ind 


I Oxford,  Ohio 


I Hamilton.  Ohio 


BROOKVILLE 


BrooKville,  Ind 


Fairfield.  Ohio 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

GREAT  MIAMI  SUBBASIN 
ANALYSIS  SCHEMATIC 

CORPSOF  ENGINEERS  U S ARMY  OHIO  RiVf  R DIVISION 
APPI  NDIX  K FIGURE  GM  ? 


Little  Miami  River 
@ Shawnee  Creek 


PROBLEM  AREAS 


B Water  Supply 


^ Water  Quality 

OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

LITTLE  MIAMI  SUBBASIN 

Note:  Subbasin  is  Located  in  Ohio 

ANALYSIS  SCHEMATIC 

CORPS  OF  ENGINEERS  U S ARMY  OHIO  RIVER  DIVISION 

APPENDIX  K FIGURE  IM  ? 

LICKING.  KENTUCKY  AND  SALT 


1.  fjlanninq  Environment.  The  Licking,  Kentucky  and  Salt  suhbasins 
are  situated  in  the  south-central  portion  of  the  Ohio  Basin.  The  three 
subbasins  contain  3,760,  6,700  and  2,890  square  miles,  respectively, 
totaling  over  eight  percent  of  the  Ohio  Basin  study  area.  All  three  Me 
entirely  within  the  Commonwealth  of  Kentucky.  The  topography  varies 
from  the  rolling  Bluegrass  Region  to  the  runged  Appalachian  Mountains 
with  much  of  the  land  heavily  forested. 

The  subbasins  have  a history  of  heavy  winter  and  spring  rains  and 
summer  thunderstorms  with  Intense  rainfall.  In  contrast,  extended 
drouqhts,  although  Infrequent,  have  caused  major  crop  losses  and  acute 
water  supply  shortaaes.  Average  annual  runoff  is  greater  from  the  three 
subbasin  area  than  the  average  for  the  Ohio  Basin  and  flooding  occurs 
frequently.  Flood  waters  from  these  three  basins  contribute  material Iv 
to  Ohio  River  flood  problems. 

The  rivers  formed  important  links  between  waqon  trails  through  the 
Cumberland  Mountains  and  the  Kentucky  area  during  early  settlement. 
Earliest  immigrants  settled  along  the  Kentucky  River  in  the  mid  I700's 
where  the  rich  soils  and  bountiful  forests  and  wildlife  made  conditions 
ideal  for  a self-contained  economy.  Other  migrants,  using  the  Ohio 
River  for  a transportation  route,  settled  in  the  area  adjacent  to  the 
confluence  of  these  rivers  with  the  Ohio. 

The  L i ck i ng-Kentucky-Sa I t subbasins  are  treated  as  a single  economic 
area.  This  area  has  about  3.8  percent  of  the  population,  3.5  percent  of 
the  labor  force  and  produces  2.7  percent  of  the  Industrial  output  of  the 
Ohio  Basin.  Although  agriculture  has  been  the  traditional  mainstay  of 
the  economy,  it  is  rapidly  declining.  Agricultural  employment  has 
declined  from  53  to  21  percent  of  the  total  employment  during  the  period 
1930  to  I960  and  is  expected  to  be  surpassed  by  the  increasing  manufac- 
turing employment  by  I960.  The  Licking  River  subbasin  has  its  major 
industrial  development  in  the  extreme  lower  river.  The  Kentucky  subbasin 
contains  Frankfort,  the  State  capital,  and  Lexington,  a center  of  commerce 
and  industry,  in  addition  to  many  small  communities.  Coal  is  mined  in  the 
upstream  Licking  and  Kentucky  subbasins.  The  Salt  River  subbasin  has  no 
major  large  cities.  A large  portion  of  the  area  is  in  Appalachia  where 
many  of  the  residents  are  unemployed  and  receive  less  than  adequate 
income.  Projective  economic  studies  indicate  that  the  general  economy  of 
the  three  subbasins  will  continue  to  grow,  but  at  a lesser  rate  than  that 
of  the  overall  Ohio  Basin. 

2 . Demand  for  Water  and  Re  I ated  Functions  and  Services . A I thouah 
the  area  is  predominantly  rural,  there  are  a considerable  number  of  com- 
mercial and  industrial  communities  within  the  subbasins  creating  sinnifi- 
cant  demands  for  flood  control,  water  supply,  navigation,  recreation  and 
other  water  resource  based  facilities.  The  concentration  of  population 
In  the  industrialized  areas  create  problems  of  pollution  in  streams  from 
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municipal  and  industrial  waste  during  summer  and  tall  periods  of  low  flow. 
Acid  drainaae  from  active  and  abandoned  mines  situated  in  the  upper 
Licking  and  Kentucky  subbasins  has  further  degraded  the  streams  of  these 
subbas i ns . 

In  general,  present  water  supplies  in  the  throe  subbasins  are  ade- 
quate in  quantity  and,  if  properly  controlled,  are  sufficient  to  supply 
future  needs.  The  improvement  of  water  quality  is  a major  concern.  The 
quality  of  surface  waters  and,  in  some  cases  ground  water,  is  unsuitable 
for  many  uses.  Low  flow  auomentation  and  control  of  erosion  and  mine 
drainaqe  will  be  required  to  provide  adequate  water  quality. 

Floodinq  is  a problem  in  many  locations.  There  are  two  major  damaqe 
areas  on  Llckinq  River,  one  on  Kentucky  River  and  one  on  North  Fork 
Kentucky  Riyer.  About  two-thirds  of  the  damages  are  in  downstream  areas. 
Erosion  control  and  flood  protection  are  needed  in  the  upstream  areas 
of  all  subbas i ns . 

The  people  of  the  area  are  currently  in  need  o*  additional  outdoor 
recreation  facilities.  If  projected  future  recreational  desires  are  to 
be  satisfied,  further  sources  of  water-based  opportunity  will  be  needed. 
Realization  of  the  substantial  potential  for  recreation  development 
within  the  basin  will  requ i re  the  provision  of  ready  access  to  the 
resource  areas  and  the  construction  of  adequate  facilities. 

a.  Goi ng  Program  Accomp I i shment.  Federal , state  and  local 
interests  haye  endeavored  to  keep  pace  with  the  more  critical  development 
needs.  Control  through  leoislative  enactments,  and  research  and  recla- 
mation efforts  have  been  initiated  to  solve  acid  mine  drainage  and 
sediment  pollution  of  streams.  Strip  mine  reclamation  has  been  accomp- 
lished on  about  50  percent  of  the  mined  area.  Summary  data  for  projects 
in  the  goinq  proqram  are  given  in  Appendix  K,  tables  15  through  21.  See 
figure  LK-I  for  location. 

Buckhorn  Reservoir,  in  the  Kentucky  Basin,  is  the  only  existino 
Federal  multiple-purpose  reservoir.  It  provides  a tofal  of  157,700 
acre-feet  of  storaoe  for  control  of  flood  runoff  from  about  six  percent 
of  the  Kentucky  subbasin.  About  twenty-two  thousand  acre-feet  of  this 
is  used  for  a summer  conservation  pool.  Also  in  the  Kentuckv  subbasin 
in  addition  to  Buckhorn,  the  Carr  Fork  Reservoir  under  construction,  and 
the  Red  River,  Booneville  and  Eagle  Creek  Reservoirs  in  preconstruct  ion 
planning  would  provide  control  over  an  additional  19  percent  of  the 
drainage  area  of  the  Kentuckv  subbasin  and  would  provide  an  additional 
752,500  acre-feet  of  storaoe  for  flood  control.  In  addition,  thev  would 
furnish  155,500  acre-feet  of  storage  for  quality  control  and  water  supply 
and  174,600  acre-feet  of  joint  storage  space  from  the  seasonal  flood 
control  pool.  Recreational  facilities  are  also  being  provided. 
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Cavf>  Run  Reservoir  under  construction  In  the  Licking  subbasin  will 
control  22  percent  of  the  drainage  area  of  that  subbasin.  It  will  pro- 
vide storaqe  of  438,500  acre-feet  for  flood  control,  28,300  for  low  flow 
supplementation  and  47,000  acre-feet  for  Joint  use. 

There  are  three  authorized  watershed  projects,  one  In  each  of  the 
subbasins.  These  projects  cover  88  square  miles.  They  Include  14  struc- 
ture sites  which  have  a total  storage  capacity  of  2,832  acre-feet  and  31 
mi les  of  channel  Improvement.  Three  Federal  local  protection  projects 
consisting  of  floodwalls,  levees  and  a channel  cutoff,  further  control 
damaging  flood  flows.  The  foreqolng  flood  control  developments,  when 
complete,  will  prevent  about  3.5  million  dollars  In  flood  damaqes  annually, 
with  1965  levels  of  flood  plain  develooment,  leaving  a residual  of  5.7 
million. 

Flowing  streams  within  the  basin  have  been  tapped  as  the  principal 
source  of  major  municipal  and  Industrial  water  supplies.  Existing 
Impoundments  for  water  supply.  In  most  cases,  have  been  associated  with 
the  provision  of  small  public  sources  o^  supply.  Ground  water  sources 
in  the  three  subbasins  are  generally  limited. 

Dix  Dam  in  the  Kentucky  subbasin  is  the  only  hydroelectric  generating 
plant.  It  is  owned  by  a utility  company  and  has  a capacity  of  28.3 
megawatts . 

The  lower  reach  of  the  Kentucky  River  was  improved  for  slack  water 
navigation  during  the  late  I800’s.  The  upper  reach  followed  and,  since 
1917,  fourteen  locks  and  dams  have  provided  255  miles  of  slack  water  pools. 
The  structures,  however,  are  obsolete  due  to  small  lock  size  and  limiting 
6-foot  channel  depth,  but  are  still  being  used,  primarily  for  recreation. 
The  capability  of  the  Kentucky  River  waterway  is  about  30  million  ton -mi les 
annually.  The  Markland  Dam  on  the  Ohio  River  provides  a slack  water  reach 
on  the  Licking  River  that  is  navigable  for  about  15  mi les. 

Recreation  facilities  at  reservoirs  and  watershed  projects  and  along 
natural  streams  have  been  provided  by  Federal  and  non-Federal  interests. 
Several  National  Forests,  numerous  state  parks,  forests  and  recreation 
areas  exist  in  the  three  subbasins,  and  recreational  tourism  provides  a 
significant  part  of  the  economy.  Stream  pollution  cleanup  efforts 
have  enhanced  these  programs.  Development  and  management  programs  have 
been  put  into  effect  to  Improve  land  cover  and  provide  facilities  for 
recreation,  hunting  and  fishing  throughout  the  subbasin.  Even  so,  the 
provision  of  opportunity  for  outdoor  recreation  has  not  kept  pace  with 
demand.  In  I960  the  three  subbasins  provided  600,000  recreation  days,  1.4 
million  angler  days  and  1.3  million  hunter  days  of  outdoor  recreation, 
fishing  and  hunting. 
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b.  Future  Demand.  Projected  net  requ i rements  of  the  exoandinq 
economy,  which  will  intensify  demand  for  further  use,  develonment  and 
manaqement  of  water  and  related  land  resources,  are  shown  in  table  Ll-I. 

It  will  be  noted  that  water  suoply  withdrawals  in  I'^SO  will  be 
about  five  times  as  much  by  2020,  increasing  from  about  b50  million 
gallons  per  day  to  over  4,000  mqd.  Sufficient  streamflow  to  assimilate 
treated  wastes  within  acceptable  standards  of  quality  is  needed  to  absorb 
organic  waste  loads  that  are  projected  to  increase  six  times  by  2020. 

The  waste  load  assimilation  needs  assessed  are  the  residuals  reachina 
water  bodies  after  secondary  treatment  romovinq  85  percent  of  the  BOD. 

Although  38  percent  of  the  potential  natural  monetary  damaoes  from 
flood  flows  would  be  prevented  by  flood  control  works  in  the  aoinq  pro- 
gram, many  flood  plain  areas  are  unprotected  or  have  insufficient  pro- 
tection. These  areas  are  subject  to  future  economic  development  due 
to  the  limited  valley  lands  in  flood-free  areas.  Additional  protection 
works  and  mananement  programs  will  be  needed  to  prevent  potential 
average  annual  flood  damages  2.7  times  those  with  1065  level  development. 


Hydroelectric  power  development  in  conjunction  with  water  control 
reservoirs  and  feasible  pumped  storage  sites  where  found  feasible  in 
comparison  to  alternate  sources  of  supply  can  be  utilized  to  supply 
peak  portions  of  the  growing  Ohio  Basin  power  loads. 

The  demand  for  outdoor  recreational  opportunities  is  predicted  to 
increase  tremendously  from  a 1^60  use  of  600,000  to  53.7  million 
recreation  days  by  2020.  This  demand,  in  conjunction  with  hunting  and 
fishing  needs,  will  reau i re  full  utilization  of  all  water  resource  and 
related  land  potentials. 

Operation  and  ordinary  maintenance  of  navigation  facilities  on  the 
Kentucky  River  are  presently  continuing  at  minimum  levels.  Rehabilita- 
tion work  has  been  held  to  what  has  been  considered  to  be  essential 
to  keep  the  locks  in  operation  and  to  maintain  pool  levels  above  the 
dams.  As  a result,  many  of  the  lock  and  dam  structures  are  in  poor 
condition.  The  remaining  useful  life  of  the  navigation  structures  without 
major  replacements  is  indeterminate.  Existinn  facilities,  however, 
are  considered  adequate  to  suoply  the  needs  of  the  private  recreational 
craft  which  comprise  the  Greatest  amount  of  Kentucky  River  traffic. 

Vigorous  exploitation  of  the  resources  of  the  Kentucky  subbasin  could 
produce  net  requirements  of  180  million  ton-miles  annually  on  the  waterway. 
However,  competitive  disadvantaae  with  other  producina  areas  due  to 
remoteness  from  markets,  and  higher  production  costs,  does  not  presently 
indicate  transportation  savings  adequate  to  justify  the  cost  of  the 
requ i red  waterway  improvement. 
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3.  Resources  Availability.  The  surface  water  resource  development 
potential  of  the  Li ckl nq-Kentucky-Sa I t subbasins  Is  one  of  the  best  in 
the  Ohio  Basin.  Annual  surface  runoff  is  hlqh  although  seasonal 
variations  in  flow  are  great.  The  rugged  topography  and  lack  of  major 
urban  or  industrial  developments  in  the  tributary  valley  areas  provide 
favorable  opportunities  to  develop  stream  regulation  reservoirs.  Nine 
upstream  watershed  projects  and  reservoir  sites  in  the  Licking  subbasIn, 
including  the  authorized  Falmouth  site,  have  been  investigated  in  some 
detail.  In  the  Kentucky  subbasin  eleven  additional  potential  reservoir 
sites  and  22  upstream  watershed  projects  have  been  identified.  In  the 
Salt  subbasin,  there  are  four  identified  potential  reservoir  sites,  one 
of  which  is  the  recently  authorized  Taylorsville  Reservoir  and  ten 
potential  watershed  projects.  The  total  of  forty-one  potential  watershed 
projects,  which  have  been  identified  in  the  three  subbasins,  cover  4,011 
square  miles  and  Include  201  structure  sites.  Total  identified  storage 
potential  in  the  three  subbasins,  over  and  above  that  in  the  aoing  pro- 
gram, is  estimated  at  over  5 million  acre-feet. 

Because  of  the  entrenched  streams,  additional  pumped  storaae  hydro- 
power  projects  with  high  heads  may  be  found  that  are  feasible  of 
development.  There  are  at  least  eight  identified  locations  where  hydro- 
electric plants  may  be  feasible;  two  of  these  are  pumped  storage  projects. 

Ground  water  in  large  supplies  is  available  only  in  the  extreme 
southeastern  headwater  area.  Moderate  supplies  are  available  from  sand- 
stone in  the  adjacent  coalfield  region,  from  limestone  in  the  inner 
Bluegrass  Region  near  Lexington,  and  from  sand  and  gravel  along  the  lower, 
reaches  of  the  Licking,  Kentucky  and  Salt  Rivers.  Elsewhere,  ground  water 
yields  are  adequate  only  for  small  domestic  supplies;  conseouent I y , in 
most  of  the  area,  streams  are  the  only  source  of  laroe  water  supplies. 

Extensive  scenic  and  wooded  areas  are  available  for  outdoor 
recreation  development  and  wildlife  management. 

4.  Assessment  of  Resource  Development  Requirements.  ‘Principal  water 
supply,  water  quality  and  flood  problem  areas,  toaether  with  reservoirs 
and  upstream  watershed  projects  in  the  going  program  of  development,  and 
those  identified  as  potential  future  projects,  are  shown  on  the  subbasin 
map,  figure  LK-I.  Summary  data  for  identified  potential  projects  are 
given  in  Appendix  K,  tables  24  through  28.  The  relationship  of  problem 
areas  and  projects  in  the  going  nrr>g^^)m  is  shown  schematically  In  figures 
LI-2,  KY-2  and  SA-2.  Key  data  relating  to  problem  areas  are  given  in 
table  LI-2.  The  schematic  diagrams  were  used  for  general  orientation  in 
analyzing  problems  and  needs  and  establishing  development  regu i rements 

for  streamf low  control.  An  accounting  of  storage  capacity  for  streamflow 
control  is  given  in  table  LI -3.  Results  of  the  subbasin  assessment  to 
determine  the  magnitude  and  costs  of  resource  development  reouired  to 
satisfy  projected  demands  for  water  and  related  functions  and  services 
are  summarized  in  table  LI-4. 


9-LI-5 


LICKING,  KENTUCKY  AND  SALT 


a . Requ I rements  to  be  Furni shed  by  I dent  I f I ed  Resource 
Potent) a I . Analysis  of  demands  for  water  and  related  functions  and  ser- 
vices and  of  the  means  whereby  these  demands  can  be  satisfied  Indicates 
that  to  solve  water  suboly,  water  quality,  and  flood  problems,  develop- 
ment of  additional  storaqe  capacity  for  streamflow  control  will  be 
required;  also,  further  local  protection  projects  and  channel  improve- 
ments will  be  reouired  in  several  locations,  either  singly  or  in  combina- 
tion with  streamflow  regulation,  to  better  cope  with  flood  problems. 

The  aqgreoate  storaqe  capacity  required  to  provide  streamflow  con- 
trol is  estimated  to  be  4.1  million  acre-feet  in  addition  to  the  amount 
that  will  be  made  available  upon  completion  of  the  going  program.  About 
3.6  million  acre-feet  will  be  required  for  control  of  flood  flows  and 
451,000  acre-feet  to  provide  for  low  flow  requirements.  The  combined 
requirement  can  be  met  with  3.9  million  acre-feet  of  reservoir  space,  of 
which  177,000  acre-feet  would  bo  utilized  on  a joint  use  basis. 

Of  the  amount  of  storage  space  required  for  flood  control,  3.3 
million  acre-feet  of  reservoir  capacity,  including  440,000  acre-feet 
associated  wi+h  upstream  watershed  projects,  can  be  provided  by  the 
identified  resource  potential.  In  addition  to  control  by  storaqe, 

31  miles  of  channel  improvements  in  potential  upstream  watershed  projects 
and  major  local  protection  works  at  two  localities  have  been  identified. 

An  aoqressive  flood  plain  manaoement  program  can  assist  in  maintainino 
the  high  percentane  of  damage  reduction  that  will  be  afforded  by  proposed 
protect i on . 

By  7020,  451,000  acre-feet  of  storage  capacity  will  bo  required  to 
provide  sufficient  streamflow  at  4|  locations  with  major  water  supply 
or  water  quality  problems.  Storage  capacity  in  identified  potential 
reservoirs  is  sufficient  to  satisfy  this  requirement.  Waste  treatment, 
in  addition  to  flow  supplementation,  will  undoubtedly  be  recuired  to 
handle  some  of  the  complex  industrial  wastes  in  the  lower  reaches  o^  the 
Licking,  Kentucky  and  Salt  Rivers.  Storage  capacity  previsions  for  il 

streamflow  supplementation  are  limited  to  amounts  reouired  to  satisfy  ? 

demands  beyond  the  capability  of  available  surface  flows  and  ground  water  S 

sources.  The  ground  water  potential  is  considered  adequate  to  provide  I 

70  million  gallons  per  day  in  addition  to  pumpaoe  inventoried  in  P6C  ' 

toward  satisfying  2020  water  requ i rements . : 

The  identified  hydroelectric  power  potential  of  dt|  megawatts  | 

installed  capacity  would  be  useable  before  I9B0  to  meet  a portion  of  the 
growing  Ohio  Basin  power  regu i rements . Inclusion  of  the  power  potential 
as  an  element  of  water  resource  development  Is  based  on  judgment  that  the 
installation  will  prove  to  be  desirable  and  economically  feasible  in 
comparison  to  alternative  sources  of  power  supply. 
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Total  area  In  potentially  feasible  upstream  watershed  projects  is 
about  2.6  million  acres.  Of  this  amount,  it  is  estimated  that  approxi- 
mately 1.5  million  acres  of  cropland,  pasture,  and  woodland  will  reauire 
treatment  and  manaqement  to  enhance  land  productivity  and  serve  other 
beneficial  purposes.  Retardation  of  runoff,  control  of  erosion,  and 
reduction  of  sediment  transport  to  streams  are  important  considerations. 

The  availability  of  streams  with  Improved  water  quality,  reservoirs, 
impoundments,  and  other  developments  would  provide  potential  opportuni- 
ties for  34  million  outdoor  recreation  days  annually  If  access  and 
facilities  are  made  available. 

b.  Remaining  Requirements.  Storage  capacity  that  can  be  made 
available  in  identified  potential  projects  Is  sufficient  to  provide  for 
subbasin  flood  control  reaulrements  and  would  also  furnish  a portion  of 
the  capacitv  renuired  for  flood  stage  reduction  on  the  Ohio  River.  The 
390,000  acre-feet  for  which  additional  development  will  be  required  is  the 
remaining  amount  needed  In  the  Licking,  Kentucky  and  Salt  subbasins  to 
assist  in  regulating  the  Ohio  River  Standard  Project  Flood. 

The  extent  to  which  demand  for  outdoor  recreation,  hunting,  and 
fishing  opportunity  can  be  satisfied  beyond  that  provided  by  identified 
developments  has  not  been  assessed.  A portion  of  the  remaining  require- 
ment can  be  met  in  conjunction  with  needed  water  resource  developments 
in  the  subbasin.  The  rest  will  likely  have  to  be  provided  by  single- 
purpose recreation  lakes.  State  and  local  parks,  and  private  develooments. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  watershed  projects,  with  the  exception 
that  lands  to  be  irrigated  or  drained  may  be  located  in  or  outside  water- 
shed projects.  By  the  year  2020,  approximately  2.5  million  acres  of 
cropland,  pasture,  and  woodland  would  be  subject  to  treatment  and  manage- 
ment measures,  some  of  the  more  common  being  contour  farming  of  all 
types,  controlled  grassland  farming,  and  improved  forest  management  and 
utilization.  These  lands  are  accounted  for  in  the  general  inventory  of 
requirements  but  are  not  identified  by  specific  location. 
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DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease^  * ^ 

Un  i t 

Amount 

1 980 

2020 

Water  Wi thdrawal 

Municipal  and  Industrial 

Million  Gallons  Per  Day 

43.4 

22.6 

195.6 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

467 

321 

3.213 

Rural  Communities 

Million  Gallons  Per  Day 

20.6 

17.0 

35.5 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

13.31 

0 

2.08 

1 rrigation^^^ 

Million  Gallons  Per  Day 

4.6 

10. 1 

25.8 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Popu lat ion 
Equi valents 

106.9 

82.8 

558.4 

Flood  Damage  Prevent ion^5) 

Million  Dollars  Annually 

3.47 

7.91 

15.55 

Waterway  Freight  Movement(^) 

Million  Ton-M i 1 es 
Annual ly 

30 

30 

180 

Hydroelectri c Power  - 
Instal led  Capaci ty 

Megawatts 

28.3 

(Assessed  on  a 

bas i n-wi de  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

0.6 

20.0 

53.7 

Sport  Fishing 

Million  Angler  Days 

t .40 

0. 13 

0.93 

Hunting 

Million  Hunter  Days 

1.30 

0.33<^’ 

0.62 (7) 

Commercial  Fishing 

(Assessed  on  a 

basin-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

56 

I .401 

3.953 

Drainage 

1 ,000  Acres 

32 

40 

47 

Irrigation  (Land  Area) 

1 ,000  Acres 

8.8 

23.5 

54.7 

NOTES; 


(1)  Base  year  amounts  plus  projected  Increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  Included;  assessed  on  a basin-wlde  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher, 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I98O  and  2020)  are  Indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
f rei ght . 

(7)  Met  requt rements . 
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PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


SUPPLEMENTAL  STREAMFLOW 
Prob 1 em  Area ^ ^ 

REQUIRED  AT  KEY  LOCATIONS  TO 
Stream 

CONTROL  WATER 

Reau i red 
1980 

QUAL 1 TY 

Flow<^^ 

2020 

(CFS). 

F low  Provided  by 
Going  Proaram 

Supp 1 emen  ta ) 

F low  Reaui red 

TgSo  2020 

Licking  Subbas i n 

Newport 

Licking  River 

90 

175 

1 1 

79 

164 

Pari  5 

Stoner  Creek 

22 

30 

0 

22 

30 

Winchester 

Strodes  Creek 

15 

40 

0 

15 

40 

Mt  . Sterl ing 

HInkston  Creek 

8 

15 

0 

8 

15 

Cynthland 

South  Fork  Licking  River 

35 

40 

1 

34 

39 

Horehcad 

Triplett  Creek 

8 

15 

0 

8 

15 

Kentucky  Subbasin 

Lex i ngton 

Kentucky  River 

410 

700 

33 

377 

667 

Georgetown 

North  Fork  Elkhorn  Creek 

12 

25 

0 

12 

25 

Hazard 

North  Fork  Kentucky  River 

8 

25 

2 

6 

23 

Jackson 

North  Fork  Kentucky  River 

8 

25 

2 

6 

23 

Ri chmond 

Otter  Creek 

15 

45 

0 

15 

45 

Owenton 

Eagle  Creek 

4 

8 

0 

4 

8 

Danvi 1 1 e 

Clarks  Run 

14 

40 

0 

14 

40 

Berea 

Si  1 ver  Creek 

8 

20 

0 

8 

20 

Versa! 1 les 

Glenn's  Creek 

1 1 

25 

0 

1 1 

25 

Wi Imore 

Jessamine  Creek 

7 

16 

0 

7 

16 

N i cholasv i 1 le 

Jessamine  Creek 

7 

16 

0 

7 

16 

Lancas  ter 

Wbi te  Oak  Creek 

6 

12 

0 

6 

12 

Stanford 

Logan  Creek 

6 

12 

0 

6 

12 

Salt  Subbasin 

Harrodsburg 

Salt  River 

1 1 

30 

0 

1 1 

30 

Shepherdsvi  1 le 

Salt  River 

74 

240 

0 

74 

240 

Lawrenceburg 

Hammonds  Creek 

9 

28 

0 

9 

28 

She  1 byv i 1 1 e 

Clear  Creek 

9 

28 

0 

9 

28 

Lebanon 

Hardin  Creek 

9 

28 

0 

9 

28 

Spr i ngf i e 1 d 

Road  Run  Creek 

5 

15 

0 

5 

15 

Bardstown 

Beech  Fork 

43 

1 10 

1 

42 

109 

New  Haven 

Rolling  Fork 

7 

17 

0 

7 

17 

Jef fersoniown 

Floyds  Fork 

10 

15 

0 

10 

15 

B.  WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (mgD). 


1 tern 

1 J80 

2020 

1.  Total 

wi thdrawal (3) 

371 

3,472 

2 . To  be 

provided  by  groundwater 

2 

20 

3.  Total 

consumptive  use 

36 

147 

C.  FLOOD  DAMAGE  AREAS. 


location 


Residual  Damages 
(Hill  ions  Pol  jars) 


I . Upstream  areas 

2,  Major  urban  areas^’^ 

Sa I yersv I 1 le . Licking  River 
Falmouth,  Licking  River 
Frankfort,  Kentucky  River 
Hazard,  North  Fork  Kentucky  River 

3,  Other  flood  plain  areas 
4 Total  subbasin 


) .66 

0.64 


Projected  to  7.91  in  1980  and  15-5  in  2020. 


NOTES: 


(1)  See  figure  Ll*l  for  geographic  location  of  principal  problem  areas  and  figure  Ll*2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  Industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  irrigation  demands. 

(4)  Esti'^ated  average  annua)  damages  with  the  1963  flood  control  program  completed  (1965  constant  dollars). 


TABLE  LI-3 


LICKING,  KENTUCKY,  SALT  SUBBASINS 
ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAmFLOw  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


T I ■ .e  Pt-r  "r 

1980 / 

Storage  ( I .000  A'  f t 

A.  water  quality  CONTROL. 


1 . 

Storage  requi red^'^ 

163. i 

. 0 . - 

2 

Storage  provided  in  identified  potential  sites 

/ Z J 

3 

Additional  storage  required 

97  9 

1 TA  C 

B.  WATER  WITHDRAWALS. 

1 

Storage  requi red 

60  2 

i.”  ■ 

C.  FLOOD  CONTROL. 

1 . 

Subbasin  and  Ohio  River  control  requirer'ent 

1 ,806.6 

3.fc‘*7 

2 

Storage  provided  in  identified  potential  sites 

1 .707.9 

?.i57  4 

a.  tor  solving  localized  proble'"s 

(170.5) 

(639  8) 

b.  effective  in  controlling  both  subbasln  and  Ohio  River  flows 

(1.537.6) 

(2.817  t: 

•j 

f.  dd  ' ’ 1 t s to  rane  mqu  i red  ( 2) 

97  6 

:90  0 

D.  total  storage  requirement. 


1 . 

Water  qi»al 

tv  control,  water  withdrawals,  and  Hood  control 

2,008  9 

4.09^  i 

2 

Aval  1 ab 1 e 

in  Identified  potential  «>ites^^^ 

1 ,813.5 

3.53' 

3 

Join*  use 

storage 

97.9 

i;e  g 

4 , 

Add  I t i ona 1 

Storage  requi red^^^ 

97.5 

<90  D 

NOTES:  (')  Storage  capacity  required  to  provide  *>upo  I e'*  enta  1 t lows  at  key  urban  locations  and  rural  corr-un ! i i es  in 

upstrea”  waiersHed  areas. 

(2)  Re-ai''lnq  Licking.  Kentucky.  Salt  subbasins  share  storage  required  to  reduce  the  Ohio  R<^'e^  Bas-n 
Standard  Project  Flood  to  the  axiru"-  flof'd  stage  ol  record. 


(3)  See  t , gurn  L I - I 


(4)  Terra  n indicates  storage  sites  arc  potentially  avalablc. 


TABLE  L!-A 


LICKING,  KENTUCKY,  SALT  SUBBASINS 
SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


Program  Elements 


Unit 


Additional  Requirement^ 

1980  2020  (Accomc I at i vc) 

Provided  in  Capital  Cost  Capital  Cost 

Going  Program  Amount (SI  .000)  A">-.»unt ($1  .000) 


PART  I.  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 


A.  Streamflow  Control  and  In-Stream  Use 


1.  Storage  for  Increasing  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

1 .000  Ac  Ft 

395.6 

105.6 

19.200 

274,0  59.900 

2.  Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1 ,000  Ac  Ft 

Miles 

Miles 

1.351.4 

8.8 

31 

1.707.9 

t.U 

47 

407,200 
2,800 
1 .700 

3.257.4  829.000 

(2)  3.400 

116  4,300 

3.  Navigable  Waterway 

a.  Improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

Miles  of  Channel 
Miles  of  Channel 
Hi  les  of  Channel 

259 

0 

0 

0 0 

*♦.  Hydroelectric  Power  - 
Instal led  Capaci ty 

Megawatts 

28.3 

931 

104.700 

(Assessed  on  a Basin- 
wide Basis) 

B. 

Related  Programs 

1.  Outdoor  Recreat 

Million  Recreat ion 
Days 

0.6 

I'.S 

39.300 

34.3  115. 600 

2.  Watershed  Project  Land  Treatment 
and  Management(S) 

I ,000  Acres 

56 

986. 1 

16.200 

1.491.0  38.900 

COSTS  - PART 

1 

591,100 

1.051.100 

PART  2. 

REMAINING  REQUIREMENTS. 

A. 

Streamflow  Control  and  In-Stream  Use^^^ 

1.  Storage  for  Increasing  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

1 .000  Ac  Ft 

- 

0 

0 

0 0 

2.  Storage  For  Control  of  Flood  Flows 

f.OOO  Ac  Ft 

- 

97.5 

24 . 900 

390.0  99.500 

3.  Hydroelectric  Power 

(Assessed  on 

a Basin-wide  Basis) 

B. 

Related  Programs 

1.  Outdoor  Recreation^^^^^^ 

Milt  ion  Recreation 
Days 

- 

8.5 

28.300 

20.0  66.300 

2 . Fish  and  Wildlife 

a.  sport  f ishinq^^^^^^ 

b.  hunt ing(3) (7) 

c.  commercial  fishery 

Million  Angler  Days 
Million  Hunter  Days 

1 .40 
1.30 

0.13 

0.33 

900 
1 .200 

(Assessed  on 

0.93  3.300 

0.62  2.200 

a Bas  Inside  Bas  is) 

C. 

Land  Treatment  and  Management 

I.  Lands  Outside  Watershed  Projects 

1 ,000  Acres 

- 

814. S 

20,400 

2.462.2  61,900 

2.  Irrigation  (Acres  to  be  Irrigated) 

1.000  Acres 

8.8 

23.9 

2.200 

58.6  5.400 

3.  Drainage 

1 ,000  Acres 

32 

44.2 

7.800 

55.1  9.700 

COSTS  . PART 

2 

85.300 

247,900 

TOTAL  COSTS  - (PARTS  I AND 

2) 

676. too 

1,299.000 

MOTES: 


(1)  Reguirement  in  addition  to  that  provided  by  going  development  progrwns. 

(2)  Project  dimensions  not  defined  at  this  time. 

(i)  Costs  shoim  are  For  Initial  Facilities  and  such  measures  as  may  be  reguired  to  implement  the  program,  and  do  not  include  water  and  related 
land  cost.  Base  year  I960. 

(^)  The  number  oF  outdoor  recreation  days  shown  Include  some  sport  Fishing  and  hunting  which  could  not  he  separately  accounted  for  in 
ava i lable  data. 

(5)  Land  area  and  costs  shown  are  for  total  land  treatment  and  management  requ-rements  in  watershed  projects  and  cover  both  water  resource 
development  related  and  other  lands. 

(6)  Specific  sites  to  provide  storage  capacity  for  streamflow  control  are  not  identified,  however,  favorable  storage  sites  are  potentially 
ava i lable. 


(7)  Because  of  population  and  resource  distributions,  remaining  subbasin  requirements  For  outdoor  recreation,  sport  fishing  and  hunting  not 
satisfied  by  water  resource  developments  may  require  a trade  off  w>lh  adjacent  subhasins  or  satisfied  by  other  means. 
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OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

LICKING,  KENTUCKY  & SALT  SUBBASINS 

PRiNCiPAi 

AAT(R:>U(fiV  AAUR  QUAinv  fiND  HOOD 
probu  vs 

Rt^-tRVO'RS  AND  AAURSHtD  PROJECTS 
‘N  GOINC  program  AND  POTENTIALS 
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PROJECTS  IN  GOING  PROGRAM 

Corps  of  Engineers  Reservoir 
O WotershecJ  Projecl 
PROBLEM  AREAS 

B Water  supply 


I IWIN  CRELK 


Water  Quality 


Major  Flood  Damage 


Note;  Subbasin  is  Located  in  Kentucky 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

LICKING  SUBBASIN 
ANALYSIS  SCHEMATIC 

CORPSOF  ENGINEERS  U S /LRMY  OHIO  RIVER  DIVISION 
APPENDIX  K FIGURE  LI  2 
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Corps  of  Engineers  Reservoir 
^ Watershed  Project 
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GREEN 


1.  Planning  Env? ronment.  The  Green  River  subbasin,  situated  in  the 
southwestern  portion  of  the  Ohio  Basin,  has  a general  east-west  alignment. 
The  subbasin  contains  9,230  sguare  miles,  or  nearly  six  percent  of  the 
Ohio  Basin  study  area,  comprising  all  or  part  of  28  counties  in  west- 
central  Kentucky  and  a small  part  of  three  counties  in  northern  Tennessee. 
The  topography  varies  from  the  rugged  hilly  terrain  in  the  eastern  part  of 
the  subbasin,  to  the  deep  valleys  and  cavern  areas  of  the  central  section, 
and  the  swampy  and  wide  flood  plain  area  of  the  western  or  downstream 
section.  The  growing  season  is  one  of  the  longest  in  the  Ohio  Basin. 

The  subbasin  has  a history  of  recurring  heavy  rains  from  widespread 
storms  and  also  summer  thunderstorms  with  intense  rainfall.  Runoff  has 
been  greater  than  the  average  for  the  Ohio  Basin,  and  flooding  occurs 
freguently.  In  contrast,  extended  droughts,  although  infreguent,  have 
caused  major  crop  losses  and  acute  water  shortages. 

The  Green  subbasin  has  about  two  percent  of  the  population,  2.1 
percent  of  the  labor  force  and  produces  1.5  percent  of  the  Ohio  Basin's 
industrial  output.  Bowling  Green  with  a population  of  28,000  people 
and  Madisonville  with  13,000  were  the  two  largest  cities  in  I960. 
Agriculture  has  historically  held  a dominant  position  in  the  area's 
economy.  In  I960,  nearly  27  percent  of  the  labor  force  was  engaged  in 
agrarian  pursuits.  The  subbasin  contains  large  commercial  coal  deposits 
and  a significant  portion  of  the  economy  is  dependent  on  mining.  Ten 
percent  of  the  strip  mining  of  coal  in  the  Ohio  Basin  takes  place  in  the 
Green  subbasin.  Major  industrial  centers  have  not  developed  and  only 
about  25  percent  of  the  population  is  presently  considered  urban. 

However,  by  2020,  the  urban  population  is  expected  to  increase  to  over 
50  percent  of  the  total  population.  Projective  economic  studies  indi- 
cate that,  although  overall  industrial  growth  will  be  less,  manufac- 
turing in  the  Green  subbasin  will  grow  at  a greater  rate  than  for  the 
overall  Ohio  Basin.  Largest  output  is  expected  in  machinery  and  apparel 
products . 

2.  Demand  for  Water  and  Related  Functions  and  Services.  In  general, 
annual  runoff  is  adeguate  in  quantity  and.  If  properly  controlled,  suffi- 
cient to  fill  future  needs.  The  natural  quality  of  surface  and  ground 
waters  Is  generally  good.  However,  acid  drainage  from  active  and  aban- 
doned mines  causes  problems  in  localized  areas.  Strip  mine  operations 
result  in  land  management  and  water  pollution  problems  and  oil  field 
waste  and  brines  have  caused  problems  in  the  past,  though  they  seem  to  be 
falrlv  well  under  control  now.  The  major  pollutant  in  the  subbasin  is 
organic  waste  effluent  from  the  sewer  outfalls  of  cities  and  communities, 
mostly  in  areas  tributary  to  the  Green  River.  The  disposal  of  waste  heat 
from  thermal  electric  power  plants  Is  a problem  on  the  lower  reach  of  the 
Green  River. 


w 
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GREEN 


Flooding  in  the  Green  River  subbasin  occurs  every  year  and  often 
severai  times  a year.  Medium  and  high  stage  floods  usuaiiy  occur  in 
the  winter  and  spring  months,  inundating  vast  areas  of  tiliabie  iands, 
and  remain  above  tiood  stage  for  prolonged  periods. 

The  mining  Industry  with  large  reserves  of  coal  and  other  minerals 
in  the  subbasin  depend  on  the  availability  of  low-cost  transportation 
for  marketing  these  resources.  Coal  mining  in  the  subbasin  is  Inter- 
related with  electric  power  generation,  both  in  and  outside  the  area, 
and  demand  for  transport  of  other  bulk  commodities  Is  increasing. 

Further  development  to  eliminate  the  obsolete  portion  of  the  Green- 
Barren  navigation  system  will  l)e  essential  to  meet  increased  demands 
for  waterborne  transport  of  coal,  grain,  rock  asphalt,  crushed  lime- 
stone, sand  and  petroleum. 

Recreation  demand  within  the  Green  subbasin  is  one  of  the  lowest 
of  the  Ohio  subbasins,  primarily  because  of  the  relatively  small  popu- 
lation and  distance  from  metropolitan  areas.  The  substantial  potential 
for  recreation  development  within  the  subbasin  is  sufficient  to  satisfy 
internal  demands  and  could  help  satisfy  demand  from  population  centers 
outside  the  Green  subbasin. 

a.  Going  Program  Accomplishment.  Federal,  state  and  local 
interests  have  endeavored  to  keep  pace  with  development  required  to 
solve  critical  problems  and  provide  for  most  urgent  needs.  Steps  have 
been  taken  toward  solving  flood  problems.  Efforts  have  been  initiated 
to  solve  mine  drainage  problems  and  control  sediment  pollution  of 
streams.  Fifty  percent  of  the  strip  mined  land  has  been  rehabilitated. 
Improvements  In  the  lower  Green  River  navigation  system  have  been 
effective  in  the  development  of  the  coal  mining  industry  in  the  sub- 
basin.  Efforts  have  been  made  to  provide  for  outdoor  recreation,  sport 
fishing  and  hunting  demands;  programs  for  land  management  and  fish  and 
wildlife  preservation  have  been  In  effect  for  some  time.  Summary  data 
for  projects  in  the  going  program  are  given  in  Appendix  K,  tables  15 
through  20.  See  figure  GR- I for  location. 

There  are  three  existing  Federal  multiple-purpose  reservoirs  in 
the  subbasin.  Together  with  the  Green  River  Reservoir,  under  construc- 
tion in  1965,  they  will  provide  slightly  more  than  two  mi  1 1 ion  acre-feet 
of  storage  capacity  for  control  of  floods,  227,000  acre-feet  of  storage 
for  low  flow  supplementation,  and  522,000  acre-feet  of  storage  in  joint 
use  for  both  purposes.  These  reservoirs  control  about  30  percent  of  the 
subbasin  area.  There  are  twelve  authorized  watershed  projects  covering 
1,293  square  miles  to  provide  protection  In  upstream  areas.  The  pro- 
jects Include  89  detention  structures  with  a total  capacity  of  a little 
less  than  105,000  acre-feet  for  sediment  control,  floodwater  storage 
and  other  uses,  and  206  miles  of  channel  Improvement.  In  addition,  one 
major  and  two  minor  channel  improvement  local  protection  projects 


GREEN 


further  control  damaging  flood  flows.  The  foregoing  developments  would 
prevent  $2.81  million,  or  about  40  percent,  of  the  potential  average 
annual  damages  with  1965  level  of  flood  plain  development. 

Three  locks  and  dams  on  the  Green  River  provide  149  miles  of  slack 
water  on  that  river.  A fourth  small  lock  and  dam  at  mile  149  built  In  the 
I850's  that  was  breached  in  1965  and  another  on  Barren  River  extended  the 
navigation  51  miles  upstream  to  Bowling  Green,  Kentucky.  After  the  upper- 
most Green  River  dam  was  breached  in  1965;  its  lock  as  well  as  the  Barren 
River  lock  were  closed  to  navigation,  and  no  freight  has  since  moved  on 
the  31  waterway  mi les  above  the  breached  dam.  The  two  locks,  however, 
have  not  been  deactivated,  and  restoring  navigation  to  Bowling  Green  is 
under  study.  The  two  lower  Green  River  dams  with  84  by  600  foot  locks 
provide  a nine  foot  depth  channel  for  the  lower  106  miles.  Upstream  from 
that  point,  the  dimensions  of  locks  and  channel  are  Inadequate  to  serve 
normal  waterway  carriers.  Facilities  in  the  existing  system  provide  for 
a freight  traffic  capability  of  two  billion  ton-miles  annually. 

Several  communities  in  the  subbasin  are  served  entirely  by  wells  or 
springs;  however,  flowing  streams  have  been  tapped  as  the  principal  source 
of  major  municipal  and  industrial  water  supplies.  Several  small  Impound- 
ments provide  small  public  sources  of  supply.  Rural  and  farm  water  supply 
needs  are  served  primari ly  from  ground  wafer  sources. 

In  1963,  steam  plant  capacity  was  1,681  megawatts;  however,  there 
were  no  hydroelectric  generation  plants  In  the  subbasin. 

Recreation  facilities  at  Federal  and  other  reservoirs  in  I960  pro- 
vided 900,000  recreation  days,  l.l  million  angler  days  and  700,000  hunter 
days.  Over  54,000  acres  have  been  set  aside  for  recreation  pursuits 
within  the  Mammoth  Cave  National  Park.  One  national  historic  site  and 
five  fish  and  wildlife  areas  formed  the  balance  of  recreation  areas  in 
the  Green  subbasin.  The  Barren,  Nolin  and  Green  Federal  multiple-purpose 
reservoirs  completed  since  I960  add  a total  of  about  24,000  acres  of 
recreational  water;  this  with  the  related  lands  increases  the  recreational 
opportun i ty . 

b.  Future  Demand.  Base  year  amounts  and  projected  increase  in 
demand  for  water  and  related  functions  and  services  which  will  intensify 
demand  for  further  use,  development  and  manaqement  of  water  and  related 
land  resources  are  shown  In  table  GR- I . 

Water  withdrawal  demands  are  projected  to  exceed  4.7  billion  gallons 
per  day  by  2020,  an  Increase  of  more  than  3.5  billion  gallons  per  day  over 
withdrawals  in  I9C0.  Water  withdrawals  for  cooling  thermal  electric 
generatinn  plants  constitutes  nearly  97  percent  of  the  total  withdrawals 
projected  for  2020. 
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Adequate  streamflow  to  provide  waste  assimilation  capacity,  within 
acceptable  standards  of  quality,  will  be  required  to  absorb  orqanic  waste 
loads  that  are  projected  by  2020  to  total  five  times  those  existent  In 
I960. 


Residual  average  annual  damages  after  completion  of  projects  in  the 
going  program  for  flood  control  would  be  about  4.2  million  dollars.  By 
2020,  unless  additional  protection  works  are  provided  and  management 
actions  taken  to  prevent  them,  potential  average  annual  damages  are  esti- 
mated to  become  7.5  million  dollars  with  projected  conditions  of  flood 
plain  development.  The  potential  damages  are  about  equally  divided 
between  the  upstream  and  downstream  areas  of  the  subbasin. 

Replacement  of  the  obsolete  navigation  facilities  in  the  upper 
waterway  section  and  provision  of  a greater  channel  depth  in  the  lower 
Green  River  will  be  required  to  accommodate  the  projected  annual  traffic 
of  4.1  billion  freight  ton-miles  by  2020. 

The  amount  of  hydroelectric  power  that  can  be  utilized  specifically 
in  the  Green  River  subbasin  has  not  been  estimated;  however,  it  is  anti- 
cipated that  all  potential  hydroelectric  power  development  can  be  uti- 
lized in  conjunction  with  the  thermal  generating  plants,  particularly 
for  meeting  the  peak  portion  of  power  loads. 

Land  area  requiring  treatment  and  management  for  efficient  use  is 
projected  to  total  over  3.6  million  acres  by  2020.  Land  areas  in  need 
of  rehabilitation  because  of  strip  mining  amount  to  18,100  acres.  Irri- 
gated land  area  is  relatively  small,  being  1,000  acres  in  I960;  the  pro- 
jected increase  for  2020  is  7,800  acres.  Land  that  may  be  drained 
economically  is  projected  to  increase  an  additional  140,000  acres  by 
2020  to  more  than  double  the  I960  acreage. 

The  demand  for  outdoor  recreation  is  predicted  to  increase  greatly, 
to  about  27  million  recreation  days  by  2020.  This  demand  in  conjunction 
with  increased  hunting  and  fishing  demands  will  require  full  use  of  all 
resource  potentials  associated  with  water  resource  development. 

3.  Resource  Availability.  The  potential  for  water  resource  develop-  ' 

ments  in  the  tributary  valley  areas  provide  favorable  opportunities  to 
develop  stream  regulation  reservoirs.  One  potential  reservoir.  Drakes 

Creek,  has  been  investigated  in  some  detail  and  Is  currently  considered  I 

feasible.  Total  storage  potentials  Identified,  over  and  above  that  now  5 

developed,  is  over  1,110,000  acre-feet.  Forty-five  potential  watershed 
projects  have  been  Investigated  which  cover  3,431  square  miles. 

Ground  water  in  moderate  supplies  is  available  from  limestone  and 
sandstone  aquifers  In  most  of  the  subbasin.  Supplies  are  also  available 
In  the  alluvium  deposits  along  Green  River  and  other  streams.  In  the 
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eastern  limestone  area  yields  are  erratic,  and  it  may  be  difficult  to 
find  sufficient  supply  for  domestic  use.  Conservation  of  surface 
waters  will  be  required  for  water  supply  in  this  area. 

The  hydroelectric  power  potential  of  the  Green  subbasin  has  not 
been  fully  investigated,  thus  the  amount  of  feasible  capacity  is  not 
known.  Because  of  the  entrenched  streams,  pumped  storage  power  pro- 
jects with  high  head  utilizing  the  reservoirs  as  upper  or  lower  pools 
can  be  developed.  There  are  three  locations  inventoried  where  hydro- 
electric power  plants  with  a potential  of  about  102,000  kilowatts  that 
may  be  feasible. 

The  Green  subbasin  has  an  abundant  supply  of  potential  recreation 
resources.  There  are  many  scenic  and  wooded  areas  and  the  topography 
is  generally  favorable  for  the  creation  of  attractive  recreational  areas. 

It  is  reasonable  to  assume  that  the  Green  subbasin  could,  in  the  future, 
help  alleviate  a portion  of  unsatisfied  demands  in  nearby  areas. 

4.  Assessment  of  Resource  Development  Requirements.  Principal 
water  supply,  water  quality  and  flood  problem  areas,  together  with 
reservoirs  and  upstream  watershed  projects  in  the  going  program  of 
development  and  those  identified  as  potential  future  projects,  are 
shown  the  subbasin  map,  figure  GH-1.  Summary  data  for  identified 
potential  projects  are  given  in  Appendix  K,  table  24  through  28.  The 
relationship  of  problem  areas  and  projects  in  the  going  program  is  shown 
schematically  in  figure  GR-2,  and  key  data  relating  to  problem  areas  are 
given  in  table  GR-2.  The  schematic  diagram  was  used  for  general  orienta- 
tion in  analyzing  problems  and  needs  and  establishing  development 
requirements  for  streamflow  control.  An  accounting  of  storage  capacity 
for  streamflow  control  is  given  in  table  GR-3.  Results  of  the  subbasin 
assessment  to  determine  the  magnitude  and  costs  of  resource  development 
required  to  satisfy  projected  demands  for  water  and  related  functions 
and  services  are  summarized  in  table  GR-4. 

a.  Requirements  to  be  Furnished  by  Identified  Resource 
Potent ia I . Analysis  of  demands  for  water  and  related  functions  and  ser- 
vices and  of  the  means  whereby  these  demands  can  be  satisfied  indicates 
that  to  solve  water  supply,  water  quality,  and  flood  problems,  development 
of  additional  storage  capacity  for  streamflow  control  will  be  required; 
also,  further  local  protection  projects  and  channel  improvements  will  be 
required  in  several  locations,  either  singly  or  in  combination  with  stream- 
flow  regulation  and  flood  plain  management  to  better  cope  with  flood 
problems. 

The  total  storage  capacity  in  addition  to  the  amount  that  will  be 
made  available  upon  completion  of  the  going  program  is  estimated  to  be  3.3 
million  acre-feet.  About  2.9  mi  I I ion  acre-feet  will  be  required  for  flood 
control  and  about  425,000  acre-feet  will  be  required  to  provide  for  low 
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flow  requirements.  Joint  use  of  seasonal  flood  control  storage  could 
reduce  the  total  required  by  about  100,000  acre-feet. 

Twenty-two  areas  in  need  of  additional  water  supply  or  water  quality 
improvement  by  2020  have  been  identified.  Most  of  these  needs  can  be  met 
by  existing  reservoirs  aided  by  new  strategically  located  reservoirs. 
Storage  capacity  of  129,000  acre-feet,  including  94,000  acre-feet  of 
flood  storage  capacity  that  can  be  utilized  on  a seasonal  joint  use  basis, 
is  included  in  Identified  potential  reservoirs. 

The  flood  control  plan  for  the  Green  subbasin  consists  of  45  water- 
shed projects.  Including  192  upstream  detention  structures  with  201,000 
acre-feet  of  flood  detention  capacity  and  296  miles  of  channel  improve- 
ment, one  reservoir,  with  270,000  acre-feet  of  flood  control  capacity 
and  two  small  local  protection  projects,  in  addition  to  the  going 
program.  An  aggressive  flood  plain  management  program  will  assist  in 
maintaining  a high  percentage  of  damage  reductions  that  the  proposed 
protection  will  afford.  Additional  potential  storage  for  flood  control 
on  Ohio  River  below  the  Wabash  River  and  assigned  to  that  subbasin 
could  be  provided  In  the  Green  River  subbasin  as  an  alternative. 

Traffic  on  the  Green  River  has  been  growing  steadily  with  the 
increasing  demand  for  coal  for  electric  power  generation  both  in  and 
outside  the  study  area.  Construction  of  a new  multiple-purpose  dam, 
with  a lock,  near  Rochester,  Kentucky,  will  replace  the  obsolete  navi- 
gation system  on  the  upper  Green  River  from  Dam  No. 3 to  Brownsville  and 
on  the  Barren  River  to  Bowling  Green.  The  9-foot  channel  depth  would 
accommodate  the  water  transport  demands  of  manufacturing,  mining,  and 
attendant  activities  in  the  area.  The  channel  depth  of  the  109  miles  of 
waterway  below  Rochester  should  be  deepened  and  made  compatible  with  the 
future  deepening  of  the  Ohio  River  waterway. 

The  availability  of  streams  with  improved  water  quality  and  additional 
reservoirs  and  upstream  watershed  developments  would  provide  potential 
opportunities  for  14  million  outdoor  recreation  days  annually  if  access 
and  facilities  are  made  aval  lab le. 

b.  Remaining  Reou i rements . The  296,000  acre-feet  of  added 
storage  capacity  to  supplement  streamflows  during  low  flow  periods  is 
needed  in  the  downstream  portion  of  the  subbasin.  The  potential  locations 
of  this  storage  development  reguirement  has  not  been  identified. 

In  addition  to  the  471,000  acre-feet  of  storage  in  identified  sites, 
about  2.4  million  acre-feet  of  storage  would  be  reguired  for  subbasin 
flood  control  and  also  furnish  a portion  of  the  capacity  required  for  flood 
stage  reduction  on  the  Ohio  River. 
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The  part  of  the  demand  for  outdoor  recreation,  hunting,  and  fishing 
opportunity  that  can  be  satisfied  beyond  that  provided  by  identified 
developments  has  not  been  assessed.  A portion  of  the  remaining  recrea- 
tion need  can  be  met  In  conjunction  with  other  needed  water  resource 
developments  In  the  subbasin.  The  remainder  may  be  provided  by  single- 
purpose recreation  lakes,  state  and  local  parks  and  private  developments. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  watershed  projects,  with  the  exception 
that  lands  to  be  Irrigated  or  drained  may  be  in  or  outside  the  watershed 
projects.  By  2020  about  1.6  million  acres  of  cropland,  pasture  and 
woodlands  would  be  subject  to  management  and  treatment  measures,  such  as 
contour  fanning,  controlled  grass  land  and  Improved  forest  harvesting. 
These  lands  are  accounted  for  In  the  general  Inventory  of  requirements 
but  are  not  Identified  by  specific  location. 
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GREEN  SUBBASIN 

DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease  ^ ^ 

Un  i t 

Amoun  t 

1980 

2020 

Water  Wi thdrawal 

Municipal  and  Industrial 

Million  Gallons  Per  Day 

19.2 

12.4 

92.4 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

1,170 

880 

3.930 

Rura 1 Commun i t i es 

Million  Gallons  Per  Day 

12.5 

10.9 

25.0 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

9.19 

0 

3.13 

1 rr i gat  Ion (3) 

Million  Gallons  Per  Day 

0.6 

0.5 

3.6 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Population 
Equivalents 

27.2 

16.8 

1 10.7 

Flood  Damage  Preventions^) 

Million  Dollars  Annually 

2.81 

4.83 

7.52 

Waterway  Freight  Movement 

Mi  1 1 ion  Ton-Mi les 
Annual ly 

2,000 

0 

2,100 

Hydroelectric  Power  - 
1 nsta 1 led  Capaci ty 

Megawatts 

0 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

0.9 

9.2 

25.7 

Sport  Fishing 

Million  Angler  Days 

1 .10 

0.44(7) 

1 .40  (7) 

Hunting 

Million  Hunter  Days 

0.70 

0.12(7) 

0.27 (7) 

Commercial  Fishing 

(Assessed  on  a 

bas i n-wi de  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

828 

960 

2,821 

Drainage 

1 , 000  Acres 

122 

101 

140 

Irrigation  (Land  Area) 

1 ,000  Acres 

1 .0 

1 . 1 

7.8 

NOTES: 


(1)  Base  year  amounts  plus  projected  Increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  4$  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I960  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  Index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight . 

(7)  Net  requirements. 
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GREEN  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


SUPPLEMENTAL  STREAMFLOW 

REQUIRED  AT  KEY  LOCATIONS  TO 

CONTROL  WATER 

QUALITY 

(CFS), 

F 1 ow^^^ 

Supplemental 

P rob  1 em  Area  ^ * ) 

Reou i red 

F low  Provi ded  by 

F 1 ow  Reot 

j i red 

Stream 

1980 

2020 

Going  P roqram 

1980 

2020 

Liberty,  Ky 

Green  River 

4 

9 

0 

4 

9 

Columbia,  Ky 

Russel  1 Creek 

7 

17 

0 

7 

17 

Campbe 1 1 sv i 1 1 e , Ky 

Pi ttman  Creek 

20 

52 

0 

20 

52 

Hodgenvi lie,  Ky 

No  1 i n River 

5 

9 

0 

5 

9 

E 1 i zabethtown . Ky 

Valley  Creek 

1 1 

17 

0 

1 1 

17 

Tompk i nsv i I 1 e , Ky 

Mill  Creek 

5 

1 1 

0 

5 

1 1 

Glasgow.  Ky 

Scraggs  & Beaver  Creeks 

3'* 

56 

0 

34 

56 

Scottsvi lie,  Ky 

Barren  River.  Bays  Fork 

7 

18 

0 

7 

18 

F rank  1 in,  Ky 

Drakes  Creek 

10 

25 

0 

10 

25 

Portland.  Tenn 

Drakes  Creek 

5 

10 

0 

5 

to 

Bowl i ng  Green , Ky 

Barren  River 

70 

130 

53 

17 

77 

Russe 1 1 vi 1 I e . Ky 

Mud  River,  Town  Branch 

16 

40 

0 

16 

40 

Cent ra 1 City.  Ky 

Cypress  Creek 

9 

15 

0 

9 

15 

L i et chf i el d . Ky 

Bear  Creek 

5 

14 

0 

5 

14 

Hartford.  Ky 

Rough  River 

20 

30 

15 

10 

15 

Beaver  Darn.  Ky 

Muddy  Creek 

3 

7 

0 

3 

7 

Greenvi lie,  Ky 

Caney  Creek 

6 

15 

0 

6 

15 

Madi sonvi lie.  Ky 

Flat  Creek 

24 

56 

0 

24 

56 

WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND 

USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR) 

(MOD). 

I tem 


I . Total  wi thdrawal 

2.  To  be  provided  by  groundwater 

3-  Total  consumptive  use 


1980 

904 

3 

23 


2020 

3.554 

17 

no 


C.  FLOOD  DAMAGE  AREAS. 


Locat i on 


Upstream  areas 
Major  urban  areas 

No  major  urban  flood  problem  areas 
within  the  scope  of  this  study, 


3 Other  flood  plain  areas 
4,  Total  subbasin 


Residual  Damages 
(Mi  1 1 ions  Pol lars) 

2 18 


2.03 

4.21 


w 


Projected  to  4.83  in  I98O  and  7 52  in  2020 


NOTES: 


(1)  See  figure  GR-I  for  geographic  location  of  prlnc-pal  problem  areas  and  figure  GR-2  for  schematic  relationship. 

(2)  StreaiTiflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 


(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  196$  flood  control  program  completed  (1965  constant  dollars). 
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GREEN  SUBBASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOU  CONTROL 
(IN  ADOITION  TO  THAT  PROVIOED  IN  THE  GOING  PROGRAH) 


HATER  QUALITY  CONTROL. 

(I) 


1 . Storage  requi red 

2.  provided  in  identified  potential  sites 

3.  Additional  stdre^e  required 

B.  WATER  withdrawals. 

1.  Storage  required 


c.  flood  control. 

1.  Subbasin  and  Ohio  River  control  requirenrent 

2.  Storage  provided  in  identified  potential  sites 

a.  for  solving  localized  problems 

b.  effective  in  controlling  both  subbasin  and  Ohio  River  flows 

3.  Additions}  storage  required^^^ 


0.  total  storage  requirement, 

1.  Water  quality  control,  water  withdrawals,  and  flood  control 

2.  Available  in  identified  potential  sites^^) 

3 Joint  use  storage 

U Additional  storage  requi red^^^ 


Time  Period 


1980 

202C 

Storage 

(1,000  Ac  Ftl 

173. A 

358, A 

1 0 7 

lA,; 

162.7 

3kk.  1 

Ik. 4 

67  0 

667.6 

2.873 

0 

67.1 

k;i 

0 

(67.>-. 

(201 

0) 

-iSi_  ' - 

(270 

0) 

600,5 

2.402 

0 

855. A 

3,298  A 

88.3 

505  9 

13. A 



753.7 

2.698  3 

NOTES:  (I)  Storage  capacity  required  to  provide  supplemental  flows  at  key  urban  locations  and  rural  communities  i n 

upstream  watershed  areas. 

(2)  Remaining  Green  subbasln  share  of  storage  required  to  reduce  the  Ohio  River  Basin  Standard  Project  Flood 
to  the  maximum  flood  stage  of  record. 


( 3)  See  f i gure  GR* I . 

(k)  Terrain  indicates  storage  sites  are  potentially  available. 
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green  SUeBASIN 

SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUtREMENTS 


Provided 
Go 


Additipnel  fleOV  I rgmcfi  t ' 

2020  ?Ai.cu»Hjlativ^ 
Cdp>t«I  Co&t  Cjo  tdl 

(si.r  ■ 


PART  I.  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 
A.  StreamfloM  Control  and  In-Strean  U«e 


I.  Storage  for  Increasing  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

752.1 

21.2 

2.6DC 

34.9 

5.400 

2.  Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

I .000  Ac  Ft 
Miles 
M i les 

2.125.5 

64.0 

206 

67.1 

0 

99 

1 1 .200 
0 

4.300 

471.0 

0 

296 

119.800 

0 

12.900 

3.  Navigable  Waterway 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

Miles  of  Charnel 
Mi  les  of  Channe 1 
Miles  of  Channel 

212 

0 

0 

0 

0 

212 

109 

15,000 

2.000 

4.  Hydroelec t r ic  Power  • 
Ins tal led  Capacity 

Megawatts 

0 

102 

11.500 

(Assessed  on 
wide  Bas is) 

a Ba  s i n - 

Related  Programs 

1.  Outdoor  Rer reat ion ^ 

Million  Rer.  real  ion 
Days 

0.9 

4.1 

■2,600 

'3.9 

43.200 

2.  Watershed  Project  Land  Treatment 

1 ,000  Acres 

826 

416.1 

10.400 

1.245.7 

31 . 100 

COSTS  • 

• PART  1 

52.600 

229.400 

REMAINING  REQUIREMENTS. 

Streamflow  Control  and  In-Stream  Use^^^ 

1.  Storage  for  Increasing  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

- 

153.2 

39.100 

296.3 

75.600 

2.  Storage  for  Control  of  Flood  Flows 

1 ,000  Ac  Ft 

- 

600.5 

153.100 

.402.0 

612.500 

3.  Hydroe I ec t r ic  Power 

(Assessed  on  a 

Bas in-wi de  Basis) 

Related  Programs 

!.  Outdoor  Recrea t ion ^ 

Million  Recreat ion 
Days 

- 

5.1 

16.800 

11.8 

38.800 

2.  Fish  and  Wi Idl ife 

a. 

b.  hun t ing(2) (6) 

c.  commercial  fishery 

Million  Angler  Days 
Mill  ion  Hunter  flays 

1 . 10 
0.70 

0.44 
0. 12 

1 .500 
400 

(Assessed  .n  a 

1.40 

0.27 

Bas in-wi de  Bas • s ) 

4.900 

900 

Land  Treatment  and  Manegcrent 

1.  Lands  Outside  Watershed  Projects 

1 ,000  Acres 

- 

544.0 

'3.600 

1.575.2 

39.400 

2.  Irrigation  (Acres  to  be  Irrigated) 

1 ,000  Acres 

1 .0 

1 . 1 

100 

6.8 

800 

3.  Drainage 

1 ,000  Acres 

122 

125. « 

16.900 

171.7 

23.200 

COSTS  • PAOT  2 2^*1,500  7%.t00 

TQTAl  COSTS  “ (PARTS  1 AND  2)  ? ^ . 1 00  ' .02S.SO0 

NOTES;  (I)  Requirement  in  addition  to  tKat  provided  by  qoinq  development  pro^raes. 

(2)  Costa  shown  are  for  initial  facilities  and  'uch  measures  as  "Wy  he  renu'^eJ  to  im^oeinent  the  oroefar-,  and  do  not  include  water  and  related 
land  cost.  Base  year  I960. 

(3)  The  nufrber  of  outdoor  recreat  on  days  shown  include  some  sport  fishing  an.i  runt  '■<t  which  cou'd  n t ne  seoarateW  accounted  for  .n 
aval  table  data. 

(4)  Land  area  and  costs  shown  are  f'r  i -tal  land  treatie-'*  and  'umagemert  requ • rec’en ts  watershed  pr  ,|.i  ts  and  cover  *h  water  resource 
development  related  and  other  '#nd». 

(5)  Specific  sites  to  provide  storaqn  caparity  for  strearfl>w  control  a-e  nc't  der.t.«.ed  n wev*>  . ravr»Me  st'ra^e  s-tes  are  octent  ally 
avai table . 

(6)  Because  of  Population  and  res‘‘urkr  1 c s i » ■ h,jt  Ions , mmain'nq  subbasm  requ  • *e«ni»nis  t r recreat  -^r,  sp'r*  r shmq  and  huni.ng  net 

satisfied  by  water  resource  devrlopne«ts  nay  require  a trade  wifi  adia  nnt  subbasies  ^ satisfied  by  '-ther  -leans  . 
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I.  Planning  Envi ronment.  The  Wabash  River  subbasin,  situated  In 
the  extreme  northwest  portion  of  the  Ohio  River  Basin  contains  33,100 
square  miles,  or  20  percent  of  the  Ohio  Basin  study  area.  It  includes 
a small  portion  of  western  Ohio,  most  of  Indiana  and  a considerable 
portion  of  southeastern  Illinois.  Exclusive  of  the  southeastern  por- 
tion, which  Is  hilly  and  rolling,  the  drainage  area  In  general  is  a 
glaciated  region  of  moderate  relief,  wherein  the  streams  have  gentle 
slopes  and  broad  flat  valleys.  Natural  drainage  in  the  northern  part 
of  the  basin  is  very  poor. 


The  pattern  of  sociological  development  of  the  Wabash  subbasin  has 
been  typical  of  that  section  of  the  country  known  as  the  Middle  West. 

In  1818  the  Treaty  of  St.  Marys  opened  the  former  Indian  territory  of 
the  Wabash  subbasin  to  settlement.  The  rich  soils,  wooded  areas  and 
wildlife  made  conditions  ideal  for  a self-contained  economy,  and  as  a 
result  many  small  urban  centers  and  rural  communities  came  into  being. 

The  subbasin  has  a history  of  recurring  heavy  rains  from  widespread 
storms,  summer  thunderstorms  with  intense  rainfall,  and  occasional  tor- 
nadoes. Although  storms  are  more  frequent  during  the  months  of  October 
to  April,  records  show  that  they  may  occur  at  any  time  during  the  year. 
Average  annual  runoff  per  square  mile  is  the  lowest  of  any  subbasin; 
nevertheless,  flooding  occurs  frequently.  The  growing  season  is  longer 
than  the  average  for  the  Ohio  Basin.  Extended  droughts,  although 
Infrequent,  have  caused  acute  water  shortages  and  major  crop  losses. 

The  Wabash  subbasin  has  about  19  percent  of  the  population,  13 
percent  of  the  labor  force  and  produces  17.5  percent  of  the  Ohio  Basin's 
Industrial  output.  The  western  part  of  the  subbasin  contains  large 
commercial  coal  deposits  and  mining  output  Is  increaslnq  to  keep  pace 
with  the  growing  needs  of  the  electric  power  industry.  Agriculture  is 
also  an  important  sector  of  the  economy.  Projective  economic  studies 
indicate  that  the  general  economy  of  the  Wabash  subbasin  will  continue 
to  grow  at  a rate  greater  than  the  average  for  the  overal I Ohio  Basin. 

2.  Demand  for  Water  and  Re  I ated  Functions  and  Services.  Greater 
use,  additional  development  and  increased  efficiency  In  management  of 
water  and  related  land  resources,  along  with  diligent  prosecution  of 
other  programs  allied  to  water  and  land  use  will  be  required  to  keep 
abreast  of  the  projected  demands  for  water  and  related  ♦unctions  and 
services  in  the  Wabash  subbasin.  The  base  year  and  projected  increases 
that  comprise  gross  demands  for  water  and  related  functions  and  services 
are  listed  in  table  WA-I.  Table  WA-2  provides  the  principal  considera- 
tions in  determining  storage  capacity  requirements  for  control  of 
streamf low . 


About  one-third  of  al I the  average  annual  flood  damages  In  the  Ohio 
Basin  occur  In  the  Wabash  suPbasIn.  Agricultural  damages  are  particu- 
larly high.  There  are  three  major  urban  centers  In  the  subbasin  with 
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flood  problems.  One  of  these,  Indianapolis,  Indiana,  has  the  third 
highest  residual  annual  damages  of  any  city  In  the  Ohio  Basin. 

In  general,  municipal  and  Industrial  water  supplies  are  adequate  In 
quantity.  However,  there  are  water  supply  problems  In  many  rural  areas. 
Population  concentrations  and  economic  activity  In  various  parts  of  the 
subbasin  has  resulted  in  the  aggravation  of  problems  associated  with 
municipal  and  industrial  waste  and  other  stream  pollution.  Acid  drainage 
from  active  and  abandoned  mines  has  further  degraded  the  streamflow  in 
the  Patoka  River  area  of  the  subbasin.  In  addition,  oil  field  brines 
are  a problem  in  some  streams. 

The  coal  mining  industry  with  large  coal  reserves  In  the  central  part 
of  the  subbasin,  together  with  the  energy  producing  and  other  industries, 
depend  on  the  availability  of  low-cost  transportation  for  the  movement  of 
bulk  commodities.  Therefore,  It  is  expected  that  with  this  growing 
demand  for  a low-cost  means  for  the  transport  of  coal,  petroleum,  ferti- 
lizers and  other  bulk  commodities,  canalization  of  the  lower  Wabash  will 
become  economically  feasible  sometime  after  1980. 

Demand  for  water  oriented  outdoor  recreation  In  the  Wabash  subbasin 
exceeds  all  other  subbasins  in  the  Ohio  River  Basin.  This  unusually 
high  demand  is  directly  related  to  the  large  population  situated  within 
the  zone  of  this  subbasin's  recreational  Influence  Primary  population 
centers  which  circumscribe  the  area  are  St.  Louis,  Missouri;  Springfield, 
Decatur,  Peoria  and  Chicago,  Illinois;  Toledo,  Dayton,  and  Cincinnati, 
Ohio;  and  Louisville,  Kentucky;  and  Gary,  Hammond,  East  Chicago,  South 
Bend,  and  Fort  Wayne,  Indiana.  Champa ign-Urbana,  Illinois,  and  Muncie, 
Terre  Haute  and  Indianapolis,  Indiana,  are  major  population  centers 
within  the  subbasin.  If  predicted  future  recreational  desires  are  to  be 
satisfied,  further  sources  of  oqportunity  will  be  required. 

a.  Going  Proqram  Accomplishments.  Resource  development  and 
management  programs  by  Federal,  state  and  local  interests  have  been 
effective  in  controlling  flooding.  Improving  water  quality,  providing  for 
outdoor  recreation,  sport  fishing,  hunting  and  other  demands  and  imple- 
menting land  treatment  and  management  practices.  The  latter  not  only 
increases  land  productivity,  but  Improves  conditions  for  retention  of 
runoff  and  control  of  erosion. 

Streams  within  the  subbasin  have  been  tapped  as  the  principal  source 
for  major  municipal  and  industrial  water  withdrawals;  about  64  percent 
is  taken  from  surface  water  sources.  Water  supply  impoundments,  in  most 
cases,  serve  as  small  public  sources  of  supply.  Rural  and  farm  water 
supply  needs  are  served  primari ly  from  ground  water  sources. 

The  going  program  of  development  included  many  Federal  and  non-Federal 
projects,  of  wnich  a brief  description  follows.  In  July  1965,  there  were 
two  existing  Federal  multiple-purpose  reservoirs  in  the  subbasin  and  four 
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under  construction  which  provide  a total  of  1,520,000  acre-feet  of 
storage  for  control  of  floods,  160,000  acre-feet  of  storage  for  low 
flow  supplementation  and  141,000  acre-feet  of  storage  In  Joint  use  for 
both  purposes.  These  six  reservoirs  will  control  runoff  from  3,016 
square  miles  or  about  nine  percent  of  the  total  subbasin  area.  Also 
Included  in  the  going  program  are  seventeen  major  Federal  local  pro- 
tection projects,  consisting  of  floodwalls,  levees  and  channel 
improvements.  The  foregoing  projects,  when  all  are  complete,  would 
prevent  about  48  percent  of  the  average  annual  damages  that  would  occur 
In  downstream  areas  under  1965  level  of  flood  plain  development  without 
the  projects.  In  addition  there  were  16  upstream  watershed  projects 
authorized  as  of  July  1965,  which  will  control  about  350  square  miles 
of  drainage  area.  These  projects  have  78  sites  with  a total  capacity 
of  82,271  acre-feet  for  floodwater  storage,  sediment  control  and  other 
uses  and  include  306  miles  of  channel  Improvements  for  rural  flood 
protection  and  would  prevent  about  two  percent  of  the  potential  average 
annual  damages  In  upstream  areas.  Two  major,  local  protection  projects 
at  Indianapolis,  Indiana,  and  numerous  agricultural  levees  were  com- 
pleted by  local  interests  and  provide  various  degrees  of  protection. 

There  are  a number  of  thermal  electric  generating  stations  in  the 
subbasin,  but  there  are  only  two  hydroelectric  plants  with  a total 
capacity  of  17.7  MW. 

Recreation  facilities  have  been  provided  at  reservoirs.  Impoundments, 
and  along  the  many  natural  streams  in  addition  to  the  numerous  state 
parks,  forests  and  recreation  areas  in  the  subbasin.  Development  and 
management  programs  have  been  put  Into  effect  to  improve  land  cover  and 
provide  facilities  for  recreation,  hunting  and  fishing  throughout  the 
subbasin.  Stream  pollution  clean-up  efforts  have  enhanced  these  pro- 
grams. Even  so,  provisions  for  outdoor  recreation  have  not  kept  pace 
with  demand. 

Much  progress  has  been  made  in  land  treatment  and  management  in  this 
subbasin.  Much  of  the  land  laid  bare  by  strip  mining  has  been  reclaimed 
and  rehabilitated.  Over  six  million  acres  of  land  have  been  drained,  and 
supplementary  Irrigation  Is  practiced  on  over  17,000  acres. 

A detailed  comprehensive  study  of  the  water  and  related  land  resources 
of  the  Wabash  subbasin  is  underway  with  completion  scheduled  for  1969. 

b.  Future  Demand.  Water  withdrawals  In  the  Wabash  subbasin  in 
I960  were  about  nine  percent  of  the  total  for  the  Ohio  Basin  study  area. 

By  2020,  the  relative  percentage  will  increase  to  20  percent.  Water  with- 
drawals for  all  purposes  In  the  Wabash  subbasin  will  exceed  19  billion 
gallons  per  day  by  2020,  a seven-fold  Increase  over  the  amount  withdrawn 
in  I960.  Water  demand  for  electric  power  cooling  purposes  by  2020  will 
account  for  approximate ly  85  percent  of  withdrawals  and  municipal  and 
industrial  demand  about  II  percent.  Demand  for  supplemental  irrigation 
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water  is  projected  to  increase  to  380  million  gallons  per  day,  over  40 
times  I960  use.  In  terms  of  total  withdrawal  demand,  this  Irrigation 
water  demand  is  a small  amount;  however,  since  practically  none  of  the 
water  is  returned  to  streams  for  further  use,  the  losses  incurred  are 
quite  signi f leant. 

The  total  organic  waste  load  in  the  Wabash  subbasin  Is  surpassed 
only  by  that  in  the  Kanawha  subbasin.  Sufficient  streamflow  to  provide 
waste  assimilation  capacity  within  acceptable  standards  of  quality  will 
be  required  to  absorb  organic  waste  loads  that  are  projected  to  be,  by 
2020,  four  times  those  existent  in  I960.  These  waste  loads  are  the 
residuals  after  removal  of  85  percent  of  the  BOD  by  treatment  plants 
before  discharge  of  sewage  effluent.  The  problem  areas  are  many  and 
widely  distributed,  but  the  concentration  of  wastes  In  the  White  River 
below  Indianapolis,  Indiana,  create,  by  far,  the  most  serious  problem. 

Because  of  the  wide  flood  plains  and  low  stream  gradients,  large 
land  areas  are  Inundated  during  floods.  Many  stream  channels  have 
very  limited  capacities  and  overbank  flow  is  very  frequent.  Projects 
previously  mentioned  in  the  going  program  for  flood  control  will  pre- 
vent 18.7  million  dollars  in  average  annual  flood  damages  under  1965 
level  of  flood  plain  development.  However,  remaining  damages  amount 
to  over  36  million  dollars  and  with  flood  plain  development  projected 
for  2020,  additional  protective  works  and  management  programs  will  be 
needed  to  prevent  potential  flood  damages  which  may  be  twice  this  annual 
amount. 

Development  of  a modern  waterway  for  freight  transport  on  the 
Wabash  River  would  substantially  meet  the  demand  for  waterborne  commerce 
in  the  area.  It  is  estimated  that  traffic  would  average  1.9  billion 
ton-mi les  annual ly  by  2020. 

Additional  electric  power  generation  will  be  required  to  support 
Industrial  expansion  and  the  general  growth  of  the  economy.  By  I960, 
it  Is  estimated  that  approximately  eight  million  kilowatts  will  be 
installed  in  the  Wabash  subbasin,  with  about  40  percent  of  this  in  the 
tributary  White  River  subbasin.  With  the  exception  of  the  two  small 
existing  and  three  identified  potential  hydroelectric  plants,  it  Is 
expected  that  all  of  the  capacity  will  be  In  thermal  or  nuclear-f I red 
generating  stations. 

By  2020,  land  area  requiring  treatment  and  proper  management  for 
efficient  use  is  projected  to  increase  11.3  million  acres  in  addition 
to  land  accounted  for  in  authorized  upstream  watershed  projects.  Irri- 
gated land  area  Is  projected  to  increase  an  additional  774,000  acres, 
whereas  land  that  may  be  economically  drained  will  increase  an  addi- 
tional 2.8  million  acres. 

The  demand  for  outdoor  recreational  opportunities  is  predicted  to 
Increase  tremendously,  reaching  nearly  200  million  recreation  days  by 
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2020.  This  demand.  In  conjunction  with  Increased  hunting  and  fishing 
pressure,  will  require  full  utilization  of  all  potentials  affiliated 
with  water  resource  development. 

3.  Resource  Availability.  Excellent  ground  water  sources  are 
available  in  most  parts  of  the  Wabash  subbasin,  for  about  13,000  square 
miles  In  the  southern  and  southwestern  parts  outside  the  major  stream 
valleys.  Ground  water  In  large  supplies  is  available  from  limestone 
and  dolomite  aquifers  In  the  northeastern  part  of  the  basin.  Nearly 
all  of  the  stream  valleys  contain  thick  deposits  of  sand  and  gravel, 
which  are  good  sources  of  well  water.  Water  from  both  the  unconsoli- 
dated glacial  deposits  and  from  bedrock  formations  is  very  hard. 

Yields  can  generally  be  expected  to  be  In  excess  of  100  gallons  per 
minute  and  In  a few  areas  as  much  as  1,500  gallons  per  minute. 

Twenty-nine  potential  reservoirs  have  been  Investigated  in  some 
detail  and  are  considered  feasible.  The  reservoirs  would  provide 
nearly  7 million  acre  feet  of  total  storage  capacity  for  control  of 
runoff  from  more  than  16,700  square  miles  of  drainage.  There  are  198 
potential  upstream  watershed  projects  containing  sites  for  591  water 
detention  structures  which  would  provide  control  of  runoff  from  4,463 
square  miles  of  upstream  watershed  area.  The  total  potential  storage 
capacity  within  the  watershed  projects  is  about  3.7  million  acre-feet 
of  which  only  1.3  million  acre-feet  of  active  storage  is  In  the  stream- 
flow  control  program.  Potential  reservoirs  and  watershed  projects 
effective  and  utilized  along  with  those  In  the  going  program  are  shown 
on  the  subbasin  map,  figure  WA-I. 

The  availability  of  storage  sites  In  the  Wabash  subbasin  makes  it 
a key  area  for  Ohio  River  control  in  the  reach  below  the  mouth  of  the 
Wabash  River.  Also,  development  of  the  storage  potential  will  pro- 
vide opportunities  for  the  satisfaction  of  demands  for  outdoor 
recreation,  sport  fishing  and  hunting.  Realization  of  the  substantial 
potential  for  recreation  development  within  the  sub basin  will  require 
the  provision  of  ready  access  to  the  resource  areas  and  the  construc- 
tion of  adequate  facilities.  Because  of  the  proximity  of  the  potential 
storage  areas  to  large  metropolitan  centers  tourist  recreation  activity 
would  increase  in  importance  with  the  provision  of  suitable  access  and 
fad  I i ties. 

Due  to  the  relatively  flat  terrain  which  is  typical  of  most  of  the 
subbasin,  the  hydroelectric  power  potential  Is  limited.  Seven  unde- 
veloped sites  with  a total  potential  Installed  capacity  of  245  mega- 
watts have  been  identified.  Four  are  on  the  White  River  and  two  on 
the  Wabash  River  in  Indiana,  and  one  on  the  Vermilion  River  In  Illinois. 
Future  investigations  may  determine  additional  sites  feasible  of 
development. 
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4.  Assessment  of  Resource  Development  Requirements.  The  principal 
water  quality,  water  supply  and  flood  problem  areas,  together  with 
reservoirs  and  upstream  watershed  projects  In  the  going  program  of 
development,  and  identified  potential  future  projects,  are  shown  on  the 
subbasin  map,  figure  WA-I.  Summary  data  for  projects  In  the  going  pro- 
gram are  given  In  Appendix  K,  tables  15  through  21,  and  for  Identified 
potential  projects  In  tables  24  through  28.  The  relationship  of  pro- 
blem areas  and  projects  In  the  going  program  is  shown  schematically 
In  figure  WA-2  and  key  data  relating  to  problem  areas  are  given  in  table 
WA-2.  The  schematic  diagram  provides  orientation  in  analyzing  problems 
and  needs  and  establishing  development  requirements  for  streamflow  con- 
trol. An  accounting  of  storage  capacity  for  streamflow  control  is  given 
in  table  WA-3.  Results  of  the  subbasin  assessment  to  determine  the 
magnitude  and  costs  of  resource  development  required  to  satisfy  projected 
demands  for  water  and  related  functions  and  services  are  summarized  in 
table  WA-4. 


a.  Requi rements  to  be  Furni shed  by  I denti f i ed  Resource  Potential . 
Analysis  of  demands  for  water  and  related  functions  and  services  and  of 
the  manner  by  which  these  demands  can  be  met  indicates  that  the  solution 
of  water  supply,  water  quality  and  flood  problems  will  require  additional 
storage  capacity  for  streamflow  control  as  well  as  flood  plain  management 
added  local  protection  projects  and  rural  channel  Improvements  at  selected 
locations.  The  local  protection  projects  would  serve  alone  or  in  combina- 
tion with  streamflow  regulation  in  providing  the  best  solution  to  the  flood 
problems . 

The  aggregate  amount  of  storage  capacity  required  by  2020  in  addition 
to  the  amount  that  will  be  available  upon  completion  of  the  going  program 
to  provide  streamflow  control  is  estimated  at  18.4  million  acre-feet. 

About  14,650,000  acre-feet  of  reservoir  capacity  will  be  required  for  con- 
trol of  flood  flows  and  3,752,000  acre-feet  to  provide  for  low  flow 
requirements.  The  combined  requirement  can  be  met  with  17.1  million  acre- 
feet  of  reservoir  space,  of  which  1,277,000  acre-feet  in  identified  pro- 
jects would  be  utilized  on  a Joint  use  basis. 

Of  this  amount,  5,438,000  acre-feet  would  be  provided  in  the  29 
identified  potential  reservoirs.  About  946,000  acre-feet  or  25  percent 
of  the  total  potential  storage  distributed  in  the  198  potential  upstream 
watershed  projects  would  be  utilized  for  flood  control.  In  addition  to 
control  by  storage,  major  local  protection  works  including  325  miles  of 
levees  and  32  miles  of  channel  improvements  have  been  identified  to  provide 
flood  protection  at  36  locations,  and  1,701  miles  of  channel  improvements 
are  included  In  the  potential  upstream  watershed  projects.  An  aggressive 
flood  plain  management  program  will  assist  In  maintaining  the  high  percentage 
of  damage  reduction  that  will  be  afforded  by  proposed  protection  and  control 
unwise  use  of  flood  plain  lands. 
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Storage  capacity  provided  by  projects  in  the  going  program  will 
supply  supplemental  flows  to  assist  In  the  control  of  water  quality 
at  20  of  53  Identified  locations  of  need.  However,  flows  to  satisfy 
water  quality  requirements  will  be  sufficient  at  only  two  locations, 
and  by  2020  additional  flows  will  be  required  at  al I 53  locations. 

Many  of  these  locations  also  have  water  supply  problems.  By  2020,  It 
Is  estimated  that  additional  sources  of  water  supply  will  be  required 
at  37  locations. 

About  2,568,000  acre-feet  of  the  storage  capacity  required  by  2020 
to  supplement  streamflows  during  low  flow  periods  for  quality  control 
and  to  provide  for  water  withdrawals  can  be  provided  in  Identified 
potential  reservoirs  and  upstream  watershed  projects,  including  the 
joint  use  of  1,277,000  acre-feet  of  flood  control  space.  Advanced 
waste  treatment  in  addition  to  flow  supplementation  will  likely  be 
needed  to  handle  the  heavy  load  of  organic  waste  effluent  discharged 
to  the  White  River  in  the  Indianapolis  area.  Storage  capacity  pro- 
visions for  supplementing  streamflows  are  limited  to  amounts  which  are 
beyond  the  capability  of  available  surface  and  ground  water  sources  to 
satisfy  demands  for  water  withdrawals  and  for  increasing  flows  during 
low  flow  periods  in  the  interest  of  water  quality.  The  ground  water 
potential  is  considered  adequate  to  provide  almost  570  million  gallons 
per  day  toward  meeting  2020  water  requirements. 

The  navigation  project  contemplated  for  the  Wabash  subbasin  would 
add  135  miles  of  canalized  waterway  to  the  Ohio  River  Basin  navigation 
system.  The  waterway  with  12-feet  minimum  depth  and  200  feet  minimum 
width  would  extend  from  the  Ohio  River  via  the  Wabash  River  to  Terre 
Haute,  Indiana. 

The  Identified  hydroelectric  power  potential  of  245  megawatts 
installed  capacity  should  be  useable  before  1980  to  meet  a portion  of 
the  growing  Ohio  Basin  power  requ i rements;  inclusion  of  the  power 
potential  as  an  element  of  water  resource  development  is  based  on 
judgment  that  the  installation  will  prove  to  be  desirable  and  economi- 
cally feasible  in  comoarison  to  alternative  sources  of  power  supply. 

Total  area  in  potentially  feasible  upstream  watershed  projects  is 
over  10.6  million  acres.  Of  this  amount,  it  is  estimated  that  approxi- 
mately 5.9  million  acres  of  cropland,  pasture,  and  woodland  of  which 
80  percent  Is  cropland  and  pasture  I and  will  require  treatment  and  manage- 
ment to  enhance  land  productivity  and  serve  other  beneficial  purposes. 
Retardation  of  runoff,  control  of  erosion,  and  thereby  reducing  sediment 
transport  to  streams  are  important. 

The  availability  of  clean  streams,  reservoirs,  impoundments,  and 
other  developments  would  provide  potential  opportunities  for  over  79 
million  outdoor  recreation-days  annually  if  access  and  facilities  are 
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made  available.  Of  this  amount,  opportunity  for  27.7  million  annual 
recreation-days  would  be  made  available  in  potential  upstream  water- 
shed projects. 

b.  Remaining  Requirements.  Storage  capacity  that  can  be 
made  available  in  identified  potential  projects  is  sufficient  to 
provide  for  subbasin  flood  control  requirements  and  would  also 
furnish  a portion  of  the  capacity  required  for  flood  stage  reduction 
on  the  Ohio  River.  The  8.3  million  acre-feet  for  which  additional 
development  will  be  required  is  the  remaining  amount  needed  in  the 
Wabash  subbasin  to  assist  in  regulating  the  Ohio  River  Standard 
Project  Flood. 

Storage  capacity  of  1.2  million  acre-feet  at  unidentified  sites 
is  required  to  supplement  streamflows  during  low  flow  periods.  It 
Includes  an  amount  for  water  required  in  areas  not  identified  by 
specific  location  of  need  and  an  amount  required  to  provide  stream 
regulation  in  several  identified  areas  of  need,  but  for  which  storage 
developments  are  not  identified. 

The  extent  to  which  the  remaining  117  million  recreation  days, 

2.2  million  angler  days  and  1.4  million  hunter  days  of  recreation, 
sport  fishing  and  hunting  demand  can  be  satisfied  has  not  been 
defined.  A portion  of  the  remaining  requirement  can  be  met  in  con- 
junction with  other  needed  water  resource  developments  in  the  sub- 
basin. However,  further  detailed  study  will  be  necessary  to  determine 
a plan  that  will  best  satisfy  the  recreational  needs  within  the 
subbasin. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  potential  watershed  projects,  with 
exception  that  lands  to  be  irrigated  or  drained  may  be  located  in  or 
outside  watershed  projects.  By  the  year  2020,  approximately  5.4  million 
acres  of  cropland,  pasture,  and  woodland  would  be  subject  to  treatment 
and  management  measures,  some  of  the  more  common  being  contour  farming 
of  all  types,  controlled  grassland  farming,  and  Improved  forest  manage- 
ment and  utilization.  It  is  expected  that  irrigated  land  will  be 
expanded  by  744,000  acres  and  2.5  million  acres  of  the  2.8  million 
acres  showing  economic  potential  will  be  drained  by  2020.  These  lands 
are  accounted  for  In  the  general  inventory  of  requirements  but  are  not 
identified  by  specific  location. 
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WABASH  SUBBASIN 

DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Prelected 

Increase^ 

Uni  t 

Amount 

1980 

2020 

Water  Wi thdrawal 

Municipal  and  1 ndus t r la  1 ^ 

Million  Gallons  Per  Day 

457.6 

338.4 

1 ,672.4 

Electric  Povier  Cooling 

Million  Gallons  Per  Day 

2,188 

2,067 

14,302 

Rural  Communities 

Million  Gallons  Per  Day 

91.2 

6.8 

57.5 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

37.54 

20.03 

69.69 

1 r r i gat  ion  (3) 

Million  Gallons  Per  Day 

9.0 

34.9 

371.3 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Population 
Equi va len ts 

570.7 

371.2 

1.835.9 

Flood  Damage  Prevent  ion (5) 

Mi  1 1 ion  Dol lars  Annual ly 

18.70 

44.97 

71.99 

Waterway  Freight  Movement(^) 

Mill  ion  Ton-Mi les 
Annua  1 1 y 

0 

320 

1 ,900 

Hydroelectric  Power  - 
1 nsta 1 led  Capaci ty 

Megawatts 

17.7 

(Assessed  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

1 .9 

73.2 

196.1 

Sport  Fishing 

Mill  ion  Angler  Days 

3.60 

0.03(7) 

2.20(7) 

Hunt i ng 

Mill  ion  Hunter  Days 

3.81 

0.60(7) 

1 .40 (7) 

Commercial  Fishing 

(Assessed  on  a 

basin-wide  basis) 

Land  Treatment  and  Management 

1 ,000  Acres 

802 

4,013 

1 1 .291 

Drai nage 

1 ,000  Acres 

6.318 

2,184 

2,819 

Irrigation  (Land  Area) 

1 ,000  Acres 

17.4 

75.4 

472.8 

NOTES: 


(1)  Base  year  amounts  plus  projected  increase  equals  gross  demands. 

(2)  Mining  Industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatr^ent. 

(5)  The  dollar  amounts  (1980  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight . 

(7)  Net  requi rements . 
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WABASH  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 

A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS) . 


Supp  I er^ent  a I 


Proble  Area^’^ 

Stream 

Reaul red 

1980 

F 1 ow  (2) 
2020 

F 1 ow  P rov i ded  by 
Goinq  Proqram 

F 1 ow 

I960 

Reou 1 red 
2020 

fllu‘ ' ton.  Imj 

Wabash  River 

20 

35 

5 

15 

30 

Hunt  oqton  , Ind 

wabash  River 

35 

70 

9 

26 

61 

wahash.  ind 

Wabash  River 

36 

70 

26 

10 

44 

Peru,  Ind 

wabash  River 

26 

125 

87 

0 

38 

Port  1 and . 1 nd 

Salamonie  River 

15 

25 

5 

10 

20 

Un i on  C i X y , Ind 

L'lii'e  Mississinewa  River 

13 

25 

0 

13 

25 

Har 1 tord  City.  Ind 

L ' ck  C reek 

13 

25 

0 

13 

25 

Marlon.  Ind 

Mississinewa  River 

65 

1 10 

16 

49 

94 

Warsaw.  Ind 

Tippecanoe  River 

15 

25 

3 

12 

22 

F rankfort , Ind 

Prai rie  Creek 

28 

50 

0 

28 

50 

KokoT'o,  Ind 

Ui  ideat  Creek 

60 

100 

4 

56 

96 

Lebanon.  Ind 

Prai rie  Creek 

30 

60 

0 

30 

60 

Chanpa t qn-U r bana . Ill 

West  Branch  Vermilion  River 

75 

125 

5 

70 

120 

R.xntoul  . ill 

Salt  Fork  Vermilion  River 

25 

45 

5 

20 

40 

Danvi lie.  Ill 

Vermilion  River 

115 

210 

14 

101 

196 

C raw*  ordsvl 1 le . Ind 

Sugar  Creek 

30 

60 

5 

25 

55 

Paris . Ill 

Sugar  Creek 

15 

30 

0 

15 

30 

Robinson . Ill 

Lamotte  Creek 

18 

30 

0 

18 

30 

Mat  toon . Ill 

K t ckapoo  Creek 

35 

55 

0 

35 

55 

Charleston,  I 1 1 

K i ckapoo  Creek 

20 

30 

0 

20 

30 

F rank  1 in.  Ind 

Youngs  Creek 

20 

40 

0 

20 

40 

Greenfield,  Ind 

Brandywine  Creek 

20 

40 

0 

20 

40 

New  Cast le , Ind 

Blue  River 

35 

65 

15 

20 

50 

Shelbyvl  1 le,  Ind 

Blue  River 

50 

30 

37 

13 

263 

Rushvi  He,  Ind 

Flatrock  Creek 

20 

40 

0 

20 

40 

Columbus , 1 nd 

East  Fork  White  River 

76 

170 

76 

0 

94 

Gteensburq,  Ind 

Sand  Creek 

20 

40 

0 

20 

40 

North  Vernon,  Ind 

Vernon  Fork 

12 

25 

0 

12 

25 

Scottsburg,  Ind 

Stuckers  Fork 

12 

25 

0 

12 

25 

Aus t in,  Ind 

Muscatatuck  River 

12 

25 

0 

12 

25 

Bloomington,  Ind 

Clear  Creek 

^5 

80 

0 

45 

80 

Oolitic,  Ind 

Salt  Creek 

20 

40 

0 

20 

40 

W i nchester . 1 nd 

West  Fork  White  River 

10 

20 

0 

10 

20 

Muncie,  Ind 

West  Fork  White  River 

75 

125 

2 

73 

'23 

Anderson.  Ind 

West  Fork  Whi te  River 

85 

300 

36 

49 

264 

E 1 wood . 1 nd 

Duck  Creek 

20 

30 

0 

20 

30 

Tipton,  Ind 

Cicero  Creek 

15 

22 

0 

15 

22 

1 nd i anapo 1 i s , Ind 

West  Fork  Wh’ie  River 

1 . 100 

2.000 

105 

995 

1.895 

Greenwood,  Ind 

pleasant  Run 

20 

40 

0 

20 

40 

Greencastle,  Ind 

Big  Walnut  Fork 

20 

40 

4 

16 

36 

Brazi 1 , Ind 

Bi  rch  Creek 

22 

45 

0 

22 

45 

Washington,  Ind 

Hawkins  Creek 

22 

45 

0 

22 

45 

Jasper,  Ind 

Patoka  River 

32 

66 

0 

32 

66 

Hunt i ngionburg  . 1 nd 

Patoka  River 

32 

66 

0 

32 

66 

Princeton.  Ind 

McCarty  DI tch 

15 

30 

0 

15 

30 

Eft! nqhar , ill 

Little  Wabash  River 

17 

35 

0 

17 

35 

Lawrence.  Ind 

Fall  Creek 

10 

20 

0 

10 

20 

Fort  Benjamin  Harrison. 
1 nd 

Fal  1 Creek 

15 

25 

5 

10 

20 

Beech  Grove.  Ind 

Lick  Creek 

10 

20 

0 

'0 

20 

f lora , 1 ' 1 

Seminary  Creek 

10 

20 

0 

10 

20 

0 1 ney . Ill 

Fox  River 

10 

20 

0 

10 

20 

Fal  rf  letvj.  IN 

Johnson  Creek 

10 

20 

0 

10 

20 

Speedway.  Ind 

Eagle  Creek 

10 

20 

0 

10 

20 

8.  water  required  to  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (MGD). 


1 ter 

1980 

2020 

' Total 

w i t hd  ravia  1 ( 3) 

2.467 

16,1.73 

Tr.  be 

provided  by  qroundwater 

'07 

569 

3 T.ta; 

tonsil'-  pt  i ve  use 

90 

728 

DAN.-.GE  area:. 


Lcs.at 


on 


Residual  Oafrages^^^ 
(Mill  ions  Pol iars) 


( Forh  WHife  River 
4Tf„.  ^ Oti»tv*ood  Rivers 
• > s nfviA  R . ver 


16.08 

0.84 


Projected  to  44.97  in  I98O  and  71.99  in  2020 


• € location  o^  principal  probler  areas  and  figure  wA-2  for  schen'atic  relationship. 

* • *a  f 4 - .nif-un-  of  4 parts  per  t"!  1 1 Ion  of  dissolved  ray  gen 

• *•  pat  and  ndustrial,  electric  power  cooling,  rural  con»nunlty.  rural  do'nestic 

.«  a-'d* 


•S  • 


I 


90%  • th  th*  1965  flood  control  program  conplated  (1965  conitant  dollars) 
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U&p-X  H SUPfUSIN 

ACCOUNTING  OF  STORACf.  CAPACITY  FOP  STPEAmFLOw  CONTROL 
(IN  ADDITION  TO  TmaT  r»OVlO£0  IN  THE  GOING  PROGRAM) 


T i r>c 

Period 

1980 

202: 

Storage  ( \ 

1 ,000  Ac 

Ft) 

A . 

WATER  quality  CONTROL. 

1 . 

Storaqe  requi red^'^ 

1.^88  7 

2 .C22 

2 

Slor»»qe  provided  In  Ideot'fied  potential  sites 

90,9 

260 

3. 

Additional  storage  required 

1.297  8 

2.341 

q 

P, 

WATER  Wl’HORAWALS. 

1 . 

Storage  requ i red 

91.1  ,0 

M2  ' 

f 

C. 

FLOOD  CONTROL. 

1 

Subbasin  and  Ohio  River  control  reou i rerr.ent 

9.000.1 

l4.Asb 

2 

Storage  provided  in  /dontified  potential  sites 

1.932. I 

6.3»4 

a for  solving  localized  problem's 

(323.7) 

(94  f- 

u 

p.  effective  In  controlling  both  subbasin  and  P^'O 

River  • lows 

(1,608  9) 

iL 

3. 

Additional  storage  required^^^ 

2.068  0 

R.2'2 

0. 

total  storage  requirehent. 

' 

water  oualltv  control,  water  withdrawals,  and  ■lood 

Cont  rol 

5.829  8 

IR.9.0P 

C 

2 . 

Available  In  identified  potential  sites^^^ 

2.969,0 

7>75 

i 

3 

Joi nt  use  s loraqe 

386.9 

n 

u 

Additional  storage  requlred^^^ 

2.979  4 

q u^h 

\ 

NO TEC: 

(1)  Storage  capacity  required  to  provide  supo ' entente ' flows  at  kev  urban 

locations  and  rgral 

ffV^nun  1 

» 1 ,»  t ~ 

uostr^#'^  watershed  areas. 


(2)  Rer»»aining  Wabash  subbasin  share  of  storaqr  required  to  reduce  ^h<i  p^jo  River  Besi'*  Sta*'dard  Proieci  Flood 
to  the  fnaKir*um  flood  sfaoe  o'  record. 

( 3)  See  f I gure  WA  - 1 . 

(4)  Terrain  indicates  storaoe  sites  are  DOtent>aMy  available 


A 
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PART  I 
A 


B 


PART  2 
A 


B 


C 


NOTES: 


WABASH  SUBBASIN 

SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


Add  i t ’ ona  I Requ  i rer’k-n  ts 


Proqrain  Ele»iem» 


TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 


Provided  in 


Cep  i ta  I C 's 
(SI .000) 


JG20  ( I j t ) 

CeplTal  Cost 

.-;.U ($1.000) 


Streamflow  Control  and  ln*Strea'r  Use 


1.  Storage  for  Increasing  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

1 .000  Ac  Ft 

* 30A.6 

531.9 

II 3. <00 

1 .291 .0 

259.800 

2.  Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1 .000  Ac  Ft 
Miles 
Mi  les 

1.376.1 

169.6 

306 

1 .932.1 
85.0 
568 

469.600 

34.300 

18.300 

6.384. 1 
356.9 
1 .701 

1 .627.600 
77.700 
53.800 

3.  Navigable  \»ateryi^y 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

Miles  of  Channe 1 
Miles  of  Channe 1 
Miles  of  Channe 1 

0 

0 

0 

135 

240,000 

U.  Hydroelectric  Power  - 
(ns ta 1 led  Capac  i ty 

Megawat  ts 

17.7 

24  S 

27.600 

(Assessed  on 
Wide  Bas  is) 

a Bas in- 

Related  Pri>grams 

1.  Outdoor  Rec real ion^^^ ^ ^ ^ 

Mill  ion  Recreat ion 
Days 

1.9 

24,8 

86.300 

79.0 

2T5  300 

2.  Watershed  Project  Land  Treatment 
and  Management  (*«) 

» ,000  Acres 

802 

2.022.8 

50.600 

5.914,5 

147.900 

COSTS  • 

PART  1 

800,200 

2,682.100 

REMAINING  REQUIREMENTS. 

Streamflow  Control  and  In-Stream  Use^^^ 

1.  Storage  for  tncreasinq  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

f,000  Ac  ft 

- 

911.4 

232,400 

1.184,1 

301 .900 

2.  Storage  for  Control  of  Flood  Flows 

1 .000  Ac  Ft 

- 

2.068.0 

527.300 

8.272.0 

2.109.400 

3.  Hydroelectric  Power 

(Assessed  on  a 

Bas in-w  de  Basis) 

Related  Programs 

t.  Outdoor  Recreation^^^'^^ 

Mill  ion  Recreat ion 
Days 

- 

48.4 

168.400 

117.1 

407.500 

2.  Fish  and  Wi Idl i fe 

a.  sport  f ish mq^ 

b.  hunt ing(2)(6j 

c.  commercial  fishery 

Mill  ion  Angler  Days 
Million  Hunter  Days 

3.60 

3.81 

0.03 

0.60 

100 

2.100 

(Assessed  on  a 

2.20 
1 .40 

Bas in-w'de  Bas is) 

7.700 

4.900 

Land  Treatment  and  Management 

1.  Lands  Outside  Watershed  Projects 

1 ,000  Acres 

- 

1.989.9 

49.700 

5.376.1 

1 34 . 400 

2.  Irrigation  (Acres  to  be  Irrigated) 

1 ,000  Acres 

17.4 

75.4 

7.000 

774.4 

71.300 

3.  Drainage 

1 ,000  Acres 

6.318 

2.190.0 

280.300 

2.525.8 

COSTS  - 

PART  2 

1.267.300 

3.360,800 

TOTAL  COSTS  - (PARTS 

1 AND  2) 

2.067.500 

6.042.900 

(I)  Requireneot  in  addition  to  that  provided  by  goinq  deveIoprnen(  proqrars. 

(?)  Costs  shown  are  for  initial  facilities  and  such  i^asures  as  "lay  be  required  to  i<nplee>ent  the  pr-igrar-.  and  do  not  include  water  and  related 
land  cost.  Base  year  t%0. 

(3)  The  number  of  outdoor  recrcatl'in  days  shi>wn  include  some  sport  flsh.nq  and  huntinq  wh.ch  could  not  be  separately  arcounied  for  m 
ava i lable  dat a. 

(U)  Land  area  and  costs  shown  are  for  total  land  treatment  and  man.«}a’'ent  requ<reevnts  in  watershed  pr-'tects  and  cover  both  water  res 'orte 
development  related  and  other  lards. 

(5)  Spec  <f>c  Sites  to  provide  s tor.iqe  caoac  Itv  for  stream  flow  control  are  n t ident'fed.  however , favorab  le  s t iraqe  sites  are  potential!.- 
.»v.i  liable. 

(6)  Bec.iiisr  •*  population  and  res  -urce  distributions,  remaininq  subbasin  requirements  f «r  Outd-rr  recreat  on.  sp.-rt  t'sh-nq  and  hunt'hq  n-t 
satisl-ed  by  wat-r  resiurte  deve ' pments  .i,  require  a trade  off  with  adjacent  subbasms  r satisfied  b,  *«-er  •wans. 
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I.  Planning  Environment.  The  Cumberland  River  subbasin,  situated 
in  the  most  southerly  portion  of  the  Ohio  study  region,  contains  17,920 
sguare  miles,  or  II  percent  of  the  land  in  the  study  area.  The  subbasin 
has  a unigue  east-west  alignment,  being  for  the  most  part  almost  parallel 
to  the  Ohio  River.  The  central  section,  which  comprises  about  60  percent 
of  the  total  subbasin  area,  lies  In  north  central  Tennessee.  The  eastern 
and  western  sections  of  the  subbasin  lie  In  southeastern  and  southwestern 
Kentucky,  respectively.  The  topography  Is  rolling  to  rugged  with  ele- 
vations ranging  from  4,150  feet  above  mean  sea  level  in  the  Cumberland 
Mountains  to  302  feet  at  the  confluence  of  the  Cumberland  and  Ohio  Rivers 
Much  of  the  land  Is  heavily  forested.  Due  to  the  southerly  location,  the 
growing  season  is  the  longest  In  the  Ohio  Basin  study  area. 


The  subbasin  has  a history  of  recurring,  heavy,  widespread  rains  and 
summer  thunderstorms  with  Intense  rainfall.  Runoff  has  been  greater  than 
the  average  for  the  Ohio  Basin,  and  flooding  occurs  frequently  in  some 
locations.  In  contrast,  extended  droughts,  although  infrequent,  have 
caused  severe  crop  losses  and  other  problems  associated  with  acute  water 
shortages.  The  water  resources  of  the  Cumberland  subbasin  are  the  most 
highly  developed  of  all  subbasins  in  the  study  area.  Storage  capacity 
and  surface  area  of  reservoirs  are  greater  than  for  any  other  subbasin. 
Flow  regulation  on  the  Cumberland  River  has  been  very  beneficial  in  con- 
trol 1 1 ng  f lows  on  the  Mississippi  River  as  well  as  the  lower  Ohio. 


The  Cumberland  subbasin  has  about  six  percent  of  the  population  and 
labor  force  within  the  Ohio  Basin  study  area,  and  produces  about  four 
percent  of  the  industrial  output.  Nasiivllle  is  the  major  Industrial  and 
commercial  center  of  the  Cumberland  subbasin  and  the  largest  metropolitan 
center  in  the  southern  part  of  the  Ohio  Basin  study  area.  Employment  in 
apparel  manufacturing  Is  the  highest  in  the  Ohio  Basin  study  area;  agri- 
culture and  lumber  and  furniture  manufacturing  rank  second  in  employment 
In  relation  to  the  other  subbasins.  Each  sector  Is  expected  to  hold  its 
relative  position  In  the  future.  Within  the  subbasin,  agricultural 
employment  is  expected  to  decline,  as  Is  typical  throughout  the  Ohio 
Basin,  and  manufacturing  to  increase  rapidly.  Projective  economic 
studies  indicate  that  the  general  economy  of  the  Cumberland  subbasin  will 
continue  to  grow  at  a greater  rate  than  that  of  the  overall  Ohio  Basin. 
The  greatest  dollar  gain  will  be  In  manufacturing  which  is  projected  to 
increase  I960  output  over  sixfold  by  2020.  Largest  output  is  expected  to 
be  In  food,  machinery,  apparel,  and  tobacco  and  leather  products. 

2.  Demand  for  Water  and  Related  Functions  and  Services.  In  con- 
trast to  the  situation  generally  existent  at  other  large  metropolitan 
locations,  there  are  no  significant  problems  dependent  on  water  resource 
development  for  solution  predicted  for  the  future  In  the  Nashville 
metropolitan  area.  This  Is  due  primarily  to  the  extensive  developments 
provided  upstream  of  the  Nashville  area.  Unsatisfied  demands  for  water 
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supply,  water  quality  improvement,  flood  protection  and  other  water 
related  functions  and  services  are  widely  distributed  at  other  loca- 
tions in  the  subbasin. 

Nineteen  urban  locations  with  Immediate  water  quality  problems 
resulting  from  organic  pollution  have  been  identified.  One  water  supply 
problem  area  exists  and  it  is  expected  that  development  of  an  additional 
source  of  supply  will  be  required  at  14  more  locations  in  the  future. 

Over  half  of  these  are  at  the  locations  with  water  quality  problems. 

Flooding  is  still  a problem  at  many  locations,  particularly  in 
upstream  watershed  areas.  There  are  four  urban  locations  in  the  upper 
reaches  of  the  basin  where  average  annual  damages  exceed  $50,000. 

The  availability  of  low-cost  transportation  for  the  transport  of 
bulk  commodities  is  highly  important  to  the  economy  of  the  Cumberland 
subbasin.  Principal  commodities  transported  on  the  Cumberland  water- 
way are  petroleum  products  and  stone,  sand,  and  gravel,  with  nearly 
all  of  this  inbound  and  upbound  to  contiguous  areas  in  Kentucky  and 
Tennessee.  Iron  and  steel  products  and  chemicals  and  sulfur  are  other 
coimmodities  of  significance  Imported  by  water  into  the  area.  The 
modern  waterway  that  will  be  provided  upon  completion  of  the  going  pro- 
gram for  navigation  will  be  capable  of  handling  projected  future  traffic 
on  the  lower  Cumberland  River.  However,  farther  upstream,  there  is  a 
demand  for  water  transport  of  coal,  timber,  gasoline,  and  shale.  Exten- 
sion of  the  navigation  system  to  the  mouth  of  the  Laurel  River  at  the 
upper  end  of  Lake  Cumberland  would  satisfy  this  demand. 

Demands  for  outdoor  water-based  recreation  are  currently  being 
supplied.  However,  if  predicted  future  recreational  desires  are  to 
be  satisfied,  particularly  those  generated  in  areas  outside  the  sub- 
basin  but  within  Its  zone  of  influence,  further  development  of 
resources  and  additional  facilities  will  be  required. 

a.  Going  Program  Accomplishment.  Summary  data  for  projects 
in  the  going  program  are  given  in  Appendix  K,  tables  15  through  21. 

See  figure  CU- I for  location. 

Approximately  90  percent  of  the  water  withdrawal  requirements  in  the 
Cumberland  subbasin  have  been  supplied  from  surface  water  sources. 

Seventy  percent  of  the  municipal  and  industrial  water  requirement,  concen- 
trated principally  In  the  highly  industrialized  Nashville  area,  is  taken 
from  the  Cumberland  River.  Rural  areas  In  the  subbasin  are  served  pri- 
mari ly  from  ground  water  sources.  Except  for  one  known  location,  Franklin, 
Tennessee,  which  is  In  immediate  need  of  an  additional  source  of  supply, 
water  withdrawal  requirements  have  been  adequately  served. 

As  of  July  1965,  three  Federal  multiple-purpose  reservoirs  with  flood 
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control  as  one  of  the  primary  functions  were  complete  and  In  ©Deration 
and  two  were  under  construction.  All  five  projects  have  power  instal- 
lations with  storage  reserved  for  power  regulation,  and  all  provide 
important  recreation  benefits.  Also,  Barkley,  one  of  the  projects 
under  construction.  Is  the  site  of  the  lowermost  navigation  lock  on 
the  Cumberland  River  waterway.  These  projects  provide  control  of  a 
major  portion  of  the  Cumberland  River  drainage.  Of  the  total  storage 
capacity  of  12.6  million  acre-feet,  5 million  acre-feet  of  reservoir 
space  is  reserved  for  the  control  of  flood  flows.  In  addition,  three 
major  and  one  small  local  protection  projects  were  complete  and  two 
major  local  protection  projects  were  under  construction;  these  would 
provide  12.9  miles  of  levees,  floodwalls  and  channel  improvements. 

Six  upstream  watershed  projects,  covering  306  square  miles  and  con- 
taining 18,580  acre-feet  of  flood  storage  capacity  and  48  miles  of 
channel  Improvements  for  control  of  flood  flows,  had  been  authorized. 

The  foregoing  projects  would  prevent  $5.34  million  or  about  50  percent 
of  the  potential  average  annual  damages  In  the  subbasin  under  1965 
conditions  of  flood  plain  development.  About  95  percent  of  the  damages 
prevented  would  be  In  downstream  areas. 

The  navigable  waterway  on  the  lower  Cumberland  River,  when  com- 
plete, will  be  provided  by  four  modern  dam-lock  structures  and  will 
extend  381  miles  with  minimum  9-foot  depth  from  the  Ohio  River  to 
Cellna,  Tennessee.  Cordell  Hull  lock  and  dam.  In  addition  to  Barkley, 
was  under  construction  in  July  1965.  Barkley  Canal  was  also  under 
construction.  The  canal,  1.75  miles  long  with  an  ll-foot  project  depth, 
connects  Lake  Barkley  on  the  Cumberland  with  Kentucky  Lake  on  the 
Tennessee  River.  Barkley  lock  and  dam  and  Barkley  Canal  were  completed 
by  September  1966.  The  practical  physical  capacity  of  the  Cumberland 
waterway  with  completion  of  Cordell  Hull,  the  uppermost  project,  will 
be  about  3.8  billion  ton-miles  annually. 

As  Inventoried  in  1963,  approximately  63  percent,  946  megawatts, 
of  the  hydroelectric  power  capacity,  existing  or  under  construction  in 
the  Ohio  Basin  study  area,  was  located  In  the  Cumberland  subbasin. 

Eight  plants  with  a total  of  853  megawatts  installed  capacity  are  loca- 
ted at  the  Corps  of  Engineers  navigation  and  flood  control  projects 
accounted  for  In  previous  paragraphs.  Two  are  single  purpose  power  pro- 
jects; one.  Laurel,  under  construction,  is  a Corps  of  Engineers  project 
with  61  megawatts  and  the  other.  Great  Falls,  Is  an  existing  Tennessee 
Valley  Authority  project  with  32  megawatts.  Much  of  the  capacity  is 
utilized  In  the  TVA  power  system. 

Land  management  and  conservation  programs  have  been  in  effect  for 
some  time.  Legislative  enactments  have  been  put  into  effect  and  other 
efforts  made  to  reclaim  strip  mined  areas  and  control  mine  drainage 
and  other  pollution  of  streams.  Development  and  management  programs 
have  been  put  into  effect  to  Improve  land  cover  and  provide  facilities 
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for  outdoor  recreation,  hunting  and  fishing  throughout  the  subbasin. 

Land  treatment  and  management  In  the  six  authorized  upstream  watershed 
projects  will  aid  in  retarding  runoff  and  controlling  erosion  and 
enhance  other  efforts  in  upstream  areas. 

Total  land  and  water  acreage  set  aside  for  recreation  pursuits, 
as  inventoried  in  I960,  was  663,000  acrea.  The  amount  of  water  for 
recreation,  approximately  135,000  acres,  exceeded  the  total  of  all 
other  water  areas  Inventoried  in  the  Ohio  Basin  study  area.  Five 
Federal  projects  accounted  for  126,000  acres  of  the  recreational 
waters.  In  addition  to  the  reservoirs;  four  National  Park  Service 
areas;  24  state  parks,  forests  and  fish  and  game  areas;  and  portions 
of  the  Cumberland  National  Forest  offered  recreational  opportunity. 

In  I960,  water  related  recreational  activity  amounted  to  12.4  million 
outdoor  recreation  days,  and  3.5  million  angler  days  and  1.2  million 
hunter  days  of  fishing  and  hunting,  respectively, 

b.  Future  Demand.  Base  year  and  projected  increases  in 
demand  for  water  and  related  functions  and  services  which  will  inten- 
sify demand  for  further  use,  development  and  management  of  water  and 
related  land  resources  are  shown  in  table  CU- 1 . 

Water  withdrawal  demands  are  projected  to  total  about  2.1  billion 
gallons  per  day  in  1980  and  then  decline  to  1.7  billion  gallons  per 
day  by  2020.  The  lesser  demand  in  2020  is  due  to  the  projected 
reduction  in  water  withdrawn  for  electric  power  cooling  purposes.  Over 
90  percent  of  the  1.25  billion  gallons  per  day  increase  in  withdrawal 
demand  projected  for  1980  Is  for  electric  power  cooling;  by  2020,  only 
35  percent  of  the  projected  increase  will  be  for  this  purpose.  By  2020, 
municipal  and  industrial  water  demands  are  projected  to  be  over  five 
times  the  amount  withdrawn  in  I960;  withdrawals  in  2020  will  be  about 
35  percent  of  total  withdrawals  as  opposed  to  13  percent  of  the  total  in 
I960. 


By  2020,  organic  waste  loads  are  projected  to  total  4.5  times  those 
existent  in  I960.  Additional  streamflow  will  be  required  to  provide 
waste  assimilation  capacity  within  acceptable  standards  of  quality  pri- 
marily In  areas  tributary  to  the  Cumberland  River.  The  Cumberland  River 
has  sufficient  waste  assimilation  capacity,  particularly  in  the  lower 
reaches,  to  absorb  projected  organic  waste  effluent  provided  waste  treat- 
ment capacity  is  maintained  to  remove  at  least  85  percent  of  the  BOD 
entering  treatment  plants. 

Residual  average  annual  damages  after  completion  of  the  going 
program  for  flood  control  would  be  about  $4.8  million.  About  90  percent 
of  the  potential  damages  would  be  in  upstream  areas.  By  2020,  unless 
additional  protective  works  and  management  actions  are  taken  to  prevent 
them,  total  potential  average  annual  damages  are  estimated  to  exceed 
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' SIO  million  with  projected  conditions  of  flood  plain  development. 

' - ^ Traffic  on  the  Cumberland  waterway  amounted  to  453  million  ton-miles 

in  i965.  This  was  on  the  308-mlle  reach  from  the  Ohio  River  to  Carthage, 
Tennessee.  By  2020,  demand  for  waterborne  transport  is  expected  to  reach 
3 billion  ton -mites  on  the  381  miles  which  will  comprise  the  waterway  upon 
completion  of  Cordell  Hull  jQCk  and  dam.  Estimated  demand  in  the  upper 
Cumberland  for  which  a waterway  extent  I on  Is  being  considered  Is  200 
million  ton-ml les  by  2020.  Construction  of  a lock  at  the  authorized 
Cellna  Dam  and  transfer  facilities  at  Wolf  Creek  would  be  required  to 
accommodate  this  traffic. 

In  the  past,  a surplus  of  electric  power  has  been  generated  In  the 
Cumberland  subbasin  and  exported  to  other  areas.  However,  by  2020,  It  Is 
estimated  that  In  the  range  of  75  to  80  percent  of  the  energy  required  in 
support  of  Industrial  expansion  and  general  growth  of  the  economy  wi.ll  be 
imported.  Additional  hydroe lectr I c power,  particularly  peaking  capacity 
where  found  economically  feasible,  could  be  utilized  in  conjunction  with 
fossil  fuel  and  nuclear  baseload  plants. 

I Land  area  requiring  treatment  and  management  for  efficient  use  is 

projected  to  Increase  5.2  million  acres  by  2020.  Most  of  the  agricul- 
tural land  In  the  subbasin  is  such  that  drainage  is  not  required.  A 
small  fraction  of  the  total,  63,000  acres,  was  drained  as  inventoried 
in  I960.  The  amount  of  land  that  can  be  economically  drained  by  2020 
is  projected  to  Increase  only  an  additional  139,000  acres.  The  amount 
of  irrigated  acreage  Is  likewise  small.  In  I960,  only  3,000  acres 
received  supplemental  water  for  irrigation.  The  increase  projected  for 
2020  is  only  13,900  acres. 

By  2020,  the  demand  for  outdoor  recreation  is  predicted  to  increase 
nearly  five  times  the  activity  reached  in  I960,  totaling  approximately 
, 61  million  recreation  days.  This  demand,  in  conjunction  with  increased 

r hunting  and  fishing  pressure,  will  require  full  utilization  of  water  and 

i lands  affiliated  with  water  resource  development. 

3.  Resource  Availability.  Reservoirs  existent  and  under  construc- 
i tion  In  July  1965  will  provide  control  of  much  of  the  surface  flows  in 

I the  Cumberland  subbasin.  The  remaining  overall  development  potential  is 

' more  than  ample  to  satisfy  development  requirements  projected  for  2020. 

Surface  runoff  Is  high  and,  in  general,  reservoir  sites  are  p lenti f ul . 
There  Is  less  potential  for  future  ground  water  development  than  other 
areas  In  the  Ohio  River  Basin;  most  of  the  highest  yielding  sources,  the 
large  limestone  springs,  are  already  being  used.  However,  yields  ade- 
quate for  small  municipal  and  industrial  supplies  are  available  in  large 
areas  of  the  subbasin. 
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Nine  potential  multiple-purpose  reservoirs  with  a total  of  over 

5.3  million  acre-feet  of  storage  capacity  for  flood  control  and  other 
purposes  have  been  investigated  in  some  detail  and  are  considered 
feasible.  These  reservoirs  would  add  significantly  to  outdoor 
recreational  opportunity  in  the  subbasin.  Potential  upstream  water- 
shed project  development  includes  45  projects  covering  3,914  sguare 
miles  with  258  sites  having  a total  potential  storage  capacity  of  about 

2.4  million  acre-feet  for  sediment  control,  floodwater  storage  and 
other  uses. 

The  hydroelectric  power  potential  has  not  been  fully  investigated; 
however,  in  consideration  of  the  rugged  topography  and  relatively  high 
heads  that  could  be  developed  in  some  of  the  upstream  areas,  this  might 
be  substantial.  Seven  undeveloped  hydroelectric  power  sites  with  poten- 
tial installations  totaling  864  megawatts  have  been  identified.  Over 
half  of  the  capacity,  480  megawatts.  Is  proposed  in  conjunction  with 
the  potential  Devils  Jumps  multiple-purpose  reservoir  site  on  the  Big 
South  Fork  Cumberland  River  in  Kentucky;  108  megawatts  would  be 
installed  at  the  proposed  Celina  project  on  the  Cumberland  River  and  18 
megawatts  at  the  Three  Islands  flood  control  project  on  the  Harpeth 
River  in  Tennessee.  The  remaining  258  megawatts  of  capacity  is 
associated  with  four  sites  located  on  streams  in  Kentucky,  the  largest 
being  a potential  pumped  storage  project  of  135  megawatts  on  Jellico 
Creek.  Other  opportunities  for  pumped  storage  developments  should  be 
available  in  the  basin. 

The  Cumberland  subbasin  is  richly  endowed  with  resources  that  may 
be  utilized  for  outdoor  recreation  development  and  fish  and  wildlife 
management.  There  are  many  scenic  and  wooded  areas  and  the  topography 
is  generally  favorable  for  the  creation  of  attractive  recreational 
areas.  Considering  the  wealth  of  potential  recreation  resources,  the 
Cumberland  is  in  a favorable  position  to  help  alleviate  needs  origi- 
nating in  metropolitan  centers  beyond  the  immediate  zone  of  influence. 
Week-end  and  vacation-type  facilities  could  be  provided  to  help  meet 
needs  as  far  away  as  St.  Louis,  Chicago,  Cincinnati  and  Indianapolis. 

4.  Assessment  of  Resource  Development  Requirements.  Principal 
water  supply,  water  quality  and  flood  problem  areas,  together  with 
reservoirs  and  uostream  watershed  projects  in  the  going  program  of 
development,  and  those  identified  as  potential  future  projects,  are 
shown  on  the  subbas'n  map,  figure  CU-I.  Summary  data  for  identified 
potential  projects  are  given  in  Appendix  K,  tables  24  through  28,  The 
relationship  of  problem  areas  and  projects  In  the  going  program  is 
shown  schematically  in  figure  CU-2,  and  key  data  relating  to  problem 
areas  are  given  In  table  CU-2.  The  schematic  diagram  was  used  for 
general  orientation  In  analyzing  problems  and  needs  and  establishing 
development  regu I rements  for  streamflow  control.  An  accounting  of 
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storage  capacity  for  streamflow  control  Is  given  in  table  CU-3.  Results 
of  the  subbasin  assessment  to  determine  the  magnitude  and  costs  of 
resource  development  required  to  satisfy  projected  demands  for  water  and 
related  functions  and  services  are  summarized  In  table  CU-4. 

a.  Requirements  to  be  Furnished  by  Identified  Resource 
Potential . Analysis  of  demands  for  water  and  related  functions  and  ser- 
vices and  of  the  means  whereby  these  demands  can  be  satisfied  Indicates 
that  to  solve  water  supply,  water  quality  and  flood  problems,  development 
of  additional  storage  capacity  for  streamflow  control  will  be  required; 
also  local  protection  projects  and  channel  Improvements  will  be  required 
In  several  locations,  either  singly  or  In  combination  with  streamflow 
regulation  to  cope  best  with  the  flood  problems. 

Total  storage  capacity  required  to  provide  for  water  quality,  water 
withdrawals  and  flood  control  Is  estimated  to  be  over  1.8  million  acre- 
feet  In  addition  to  the  amount  that  will  be  made  available  upon  comple- 
tion of  the  going  program.  By  2020,  approximately  457,000  acre-feet  of 
this  amount  will  be  required  to  provide  for  low  flow  requirements  and 
1.38  million  acre-feet  for  control  of  flood  flows.  The  combined 
requirement  can  be  met  with  about  1.5  million  acre-feet  of  reservoir 
space  which  includes  use  of  about  20  percent  of  the  flood  storage  space 
in  Identified  reservoirs  on  a joint  use  basis. 

About  402,000  acre-feet  of  the  storage  capacity  required  to  supple- 
ment streamflows  can  be  provided  in  Identified  potential  reservoirs, 
including  those  in  upstream  watershed  projects.  This  includes  the  joint 
use  of  275,000  acre-feet  of  flood  control  space.  In  numerous  upstream 
areas,  due  to  the  potential  magnitude  of  organic  waste  loads  in  relation 
to  stream  assimilation  capacity  that  can  be  provided,  advanced  waste 
treatment  may  have  to  be  adopted  in  addition  to  storage  to  sustain  satis- 
factory stream  quality.  Storage  capacity  provisions  for  streamflow 
supplementation  are  the  added  amounts  to  satisfy  demands  beyond  the 
capability  of  available  surface  flows  and  ground  water  sources.  The 
ground  water  potential  is  considered  adequate  to  provide  43  million  gal- 
lons per  day  by  2020  in  addition  to  the  pumpage  Inventoried  In  I960. 

About  1.4  million  acre-feet  of  reservoir  capacity,  Including  356,000 
acre-feet  associated  with  upstream  watershed  projects  can  be  provided  by 
identified  resource  potential  for  control  of  flood  flows.  In  addition, 
one  major  and  16  small  local  protection  projects  that  would  assist  in  pro 
viding  flood  protection  and  775  miles  of  channel  Improvement  in  potential 
upstream  watershed  projects  are  identified.  An  effective  flood  plain 
management  program  can  aid  in  maintaining  the  high  degree  of  flood  damage 
reduction  provided  by  existing  and  proposed  protection. 

Waterborne  traffic  on  the  Cumberland  River  has  been  growing  steadily 
with  the  industrial  expansion  in  the  subbasin.  The  apparent  physical 
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capability  of  the  381-mile  reach  of  waterway  on  the  lower  Cumberland 
will  be  in  excess  of  2020  demand.  However,  to  accommodate  demand  for 
waterborne  transport  In  upriver  areas,  an  extension  of  the  waterway 
will  be  required.  This  would  be  accomplished  by  construction  of  a 
lock  at  the  authorized  Celina  Dam  which  would  extend  the  9-foot-depth 
canalized  waterway  80  miles  upstream  to  the  existing  Wolf  Creek  Dam, 
and  providing  a cargo  lift  or  lock  at  that  dam.  The  provision  of 
either  facility  at  the  dam  would  extend  the  navigation  system  another 
90  miles,  via  Lake  Cumberland  to  the  mouth  of  the  Laurel  River.  Later 
deepening  of  the  waterway  on  the  lower  Cumberland,  concurrently  with 
the  provision  of  greater  depth  In  the  Ohio  River,  would  be  undertaken 
to  enhance  the  efficiency  of  the  transport  system. 

The  identified  hydroelectric  power  potential  of  864  megawatts 
installed  capacity  would  be  useable  prior  to  1980  to  meet  a portion 
of  the  growing  Ohio  Basin  power  requirements.  Inclusion  of  the  power 
potential  as  an  element  of  water  resource  development  is  based  on 
judgment  that  the  installation  will  prove  to  be  desirable  and  eco- 
nomically feasible  in  comparison  to  alternative  sources  of  power 
supply. 

The  total  area  in  potentially  feasible  upstream  watershed  pro- 
jects is  about  2.5  million  acres.  Of  this  amount  it  is  estimated  that 
about  1.45  million  acres  of  cropland,  pasture  and  woodland  will 
require  treatment  and  management  to  enhance  land  productivity  and  serve 
other  beneficial  purposes.  Retardation  of  runoff,  control  of  erosion 
and  reduction  of  sediment  transport  to  streams  are  imqortant 
considerations. 

The  construction  of  potential  reservoirs  forms  the  focal  ooint  of 
development  designed  to  meet  future  water  oriented  recreation  demands. 
These  reservoirs  and  developments,  including  upstream  watershed  pro- 
jects, will  provide  potential  opportunities  for  nearly  27  million  out- 
door recreation  days  annually  if  access  and  attractive  facilities  are 
made  avai lab le. 

b,  Rema i n I nq  Requ i rements . The  55,000  acre-feet  of  additional 
storage  capacity  for  supplementing  streamflows  is  required  to  provide 
quality  control  and  furnish  water  for  withdrawal  and  use.  It  includes 
water  required  in  areas  not  identified  by  specific  location  of  need  and 
that  required  to  provide  stream  regulation  in  several  identified  areas  of 
need,  but  for  which  storage  developments  are  not  identified. 

Storage  capacity  that  can  be  made  available  in  identified  potential 
projects  is  sufficient  to  provide  for  flood  control  requirements  in  the 
subbasin.  This  capacity  also  would  contribute  to  flood  stage  reduction 
on  the  Ohio  Ri ver. 
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The  extent  to  which  demand  for  outdoor  recreation,  fishing  and 
hunting  opportunity  could  be  satisfied  by  water  resource  developments 
beyond  that  provided  by  Identified  potentials  has  not  been  defined. 

It  appears  that  to  satisfy  future  recreation  demands  generated  In  the 
subbasin  and  to  take  advantage  of  the  opportunity  to  serve  other  areas, 
considerable  additional  development  specifically  for  recreation  will 
be  required. 

Remaining  land  treatment  and  management  requirements  are 
associated  with  general  land  base  outside  watershed  projects  with  the 
exception  that  lands  Irrigated  or  drained  may  be  located  In  or  out- 
side of  watershed  projects.  By  the  year  2020,  approximately  3.8 
million  acres  of  cropland,  pastureland  and  woodland  would  be  subject 
to  treatment  and  management  measures.  These  lands  are  accounted  for 
In  the  general  Inventory  of  requirements  but  are  not  Identified  by 
specific  location. 
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CUMBERLAND  SUBBASIN 

demand  for  water  and  related  functions  and  services 


Base  Year 

Projected 

1 nc rease  ^ ^ 

Uni  t 

Amount 

TgSo 

2020 

Water  Wi thdrawa 1 

Municipal  and  Industrial 

Million  Gallons  Per  Day 

112. 1 

86.0 

471.5 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

703 

1 ,137 

287 

Rural  Communities 

Million  Gallons  Per  Day 

37.1 

24. 1 

55.8 

Rural  Domestic  and  Livestock 

Million  Gallons  Per  Day 

16.70 

0 

0.99 

1 rr  i ga t ion 

Million  Gallons  Per  Day 

1 .7 

1 .2 

6.3 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Popu 1 at  ion 
Equivalents 

109.5 

69.0 

380.0 

Flood  Damage  P revent i on (5) 

Million  Dollars  Annually 

5.3't 

6.97 

10.24 

Waterway  Freight  Movement^^^ 

Ml  1 1 ion  Ton-Mi les 
Annua  1 ly 

3.800 

20 

200 

Hydroelectric  Power  - 
1 nsta 1 led  Capaci ty 

Megawatts 

945.9 

(Cissesbeil  on  a 

basin-wide  basis) 

Outdoor  Recreation 

Million  Recreation  Days 

12.4 

10.8 

48.7 

Sport  Fishing 

Mi  1 1 ion  Angler  Days 

3.50 

1 .90 (7) 

4.90 (7) 

Hun  t i ng 

Mill  ion  Hunter  Days 

1.20 

0.30 (7) 

0.50(7) 

Conrercial  Fishing 

(Assessed  on  a 

basin-wide  bas i s) 

Land  Treatment  and  Management 

1 ,000  Acres 

196 

1 ,674 

5,247 

Dra i nage 

1 ,000  Acres 

63 

103 

139 

Irrigation  (Land  Area) 

1 ,000  Acres 

3.0 

2.3 

13.9 

NOTES: 


(1)  Base  year  amounts  plus  projected  Increase  equals  gross  demands. 

(2)  Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

(3)  Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

(4)  Residual  biochemical  oxygen  demand  after  65  percent  waste  removal  by  treatment. 

(5)  The  dollar  amounts  (I960  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

(6)  An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight . 

(7)  Net  requirements. 
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CUMBERLAND  SUBBASIN 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS) . 


Problem  Area^'^ 

Stream 

F low(2) 
2020 

Flow  Provided  by 
Goinq  Program 

Supp 
F low 

1980 

emenia 1 
Requ i red 

2020 

Lynch,  Ky 

Looney  Creek 

5 

10 

0 

5 

lO 

Harlan,  Ky 

Martins  Fork 

5 

ID 

0 

5 

10 

Cumberland,  Ky 

Poor  Fork 

5 

ID 

0 

5 

10 

Middlesboro,  Ky 

Yel low  Creek 

12 

30 

3 

9 

27 

London , Ky 

Whitley  Branch 

7 

17 

0 

7 

'7 

Corbin,  Ky 

Lynn  Camp  Creek 

10 

24 

0 

10 

24 

Somerset,  Ky 

Sinking  Creek 

23 

58 

0 

23 

58 

Monticello,  Ky 

Elk  Spring  Creek 

7 

20 

0 

7 

20 

Jamestown,  Tenn 

Rockcastle  Creek 

7 

15 

3 

4 

12 

Livingston,  Tenn 

Town  Branch 

10 

15 

I 

9 

14 

Cookevi 1 le,  Tenn 

Short  Creek 

20 

60 

4 

16 

56 

Lebanon , Tenn 

Sinking  Creek 

26 

65 

4 

22 

61 

Gal  1 at i n , Tenn 

Town  Creek 

28 

53 

4 

24 

49 

Woodbury,  Tenn 

East  Fork  Stones  River 

10 

15 

1 

9 

14 

Murfreesboro,  Tenn 

West  Fork  Stones  River 

30 

90 

1 

29 

89 

F rankl i n , Tenn 

West  Fork  Harpeth  River 

15 

36 

1 

14 

35 

Springfield,  Tenn 

Sulphur  Fork  Creek 

13 

30 

4 

9 

26 

Hopkinsvi lie,  Ky 

North  Fork  Little  River 

30 

90 

3 

27 

87 

Princeton,  Ky 

Eddy  Creek 

10 

15 

1 

9 

14 

8.  WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (MGD). 


1 tern 

1980 

2020 

1 . Tota 1 

wi thdrawal 

1 ,248 

822 

2 . To  be 

provided  by  groundwater 

8 

43 

3.  Total 

consumptive  use 

32 

76 

C.  FLOOD  DAMAGE  AREAS. 

Location 


\ . Upstream  areas 


2.  Major  urban  areas 


(I) 


PlnevMle,  Ky , Straight  Creek 
Marian,  Ky,  Martins  Fork  & Clover  Fork 
BarbourvMIe,  Ky , Cumberland  River 
Loyall,  Baxter,  Ky,  Cumberland  River 

3.  Other  flood  plain  areas 

k.  Total  subbasin 


Res i dual  Damages 
(Mi  1 1 ions  Pol lars) 

4.31 

0.28 


0.24 

4.83 


Projected  to  6.97  in  I98O  and  10.24  in  2020. 


NOTES:  (!)  Sec  figure  CU-)  for  geographic  location  of  principal  problem  areas  and  figure  CU-2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  irrigation  demands. 


(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 
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CUMBERLAND  SUBBASIN 

ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAM) 


A.  WATER  QUALITY  CONTROL. 


Time  Period 

80  2020 
Storage  (1,000  Ac  Ft) 


1 , 

Storage  required^*^ 

137. A 

3A2.3 

2. 

Storage  provided  in  identified  potential  sites 

1 1 .2 

1 1 .2 

3. 

Additional  storage  required 

126.2 

331  .1 

B. 

WATER  WITHDRAWALS. 

1 . 

Storage  required 

27.5 

115. 1 

c. 

FLOOD  CONTROL. 

1 . 

Subbasin  and  Ohio  River  control  requirement 

393. 1 

1.378,5 

2. 

Storage  provided  in  Identified  potential  sites 

393.1 

1,378.5 

a.  for  solving  localized  problems 

(119.0) 

(356.1) 

b.  effective  in  controlling  both  subbasin  and  Ohio  River  flows 

iiZVJl 

(1 .022,4) 

3. 

Additional  storage  requlred^^^ 

0 

0 

0. 

TOTAL  STORAGE  REQUIREMENT, 

1 . 

Water  quality  control,  water  withdrawals,  and  flood  control 

558.0 

1 .835.9 

2. 

Available  in  Identified  potential  sites^^^ 

A26.A 

1 ,504.8 

3. 

Joint  use  storage 

78.6 

275. 7 

U. 

Additional  storage  required^^^ 

53.0 

55.4 

NOTES:  (I)  Storage  capacity  required  to  provide  suppiamental  flows  at  key  urban  locations  and  rural  communities  in 

upstream  watershed  areas. 

(2)  Remaining  Cumberland  subbasin  share  of  storage  reauired  to  reduce  the  Ohio  River  Basin  Standard  Project 
Flood  to  the  maximum  flood  stage  of  record. 

( 3)  See  f i gure  CU- 1 . 

(A)  Terrain  indicates  storage  sites  are  potentially  available. 
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CUMBERLAND  SUDBAStN 

SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


PART  I.  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 
A.  Stre^mflow  Control  and  ln*Stream  Use 


1.  Storage  for  Increasing  Flows  and 
Furnishing  Water  for  withdrawal  and  Use 

2.  Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

3.  Navigable  Waterway 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

U.  Hydroelectric  Power  - 
Instal led  Capaci ty 

B.  Related  Programs 

I.  Outdoor  Recreat ion ^3) 


2.  Watershed  Project  Land  Treatment 
and  Management 

PART  2.  REMAINING  REQUIREMENTS. 

A.  Streamflow  Control  and  In-Stream  Use^^^ 

1.  Storage  for  Increasing  Flows  and 
Furnishing  Water  for  Withdrawal  and  Use 

2.  Storage  for  Control  of  Flood  Flows 
3-  Hydroelectric  Power 

B.  Related  Programs 

1.  Outdoor  Recreat ion^^^ 

2.  Fish  and  Wildlife 

a.  sport  f i shi 

b.  hunt i ng(^) 

c.  commercial  fishery 

C.  Land  Treatment  and  Management 

1.  Lands  Outside  Watershed  Projects 

2.  Irrigation  (Acres  to  be  Irrigated) 

3.  Drainage 


I ,000  Ac  Ft 

1 ,000  Ac  Ft 
Mi  les 
Miles 


Mi les  of  Channel 
Mi les  of  Channe I 
Miles  of  Channe I 

Megawatts 

Mill  Ion  Recreat ion 
Days 

1 .000  Acres 

COSTS  - PART  I 


I .000  Ac  Ft 
I .000  Ac  Ft 

Million  Recreation 
Days 

Mill  ion  Angler  Days 
Mi  1 1 ion  Hunter  Days 

1 .000  Acres 

1 .000  Acres 

1 .000  Acres 

COSTS  - PART  2 
TOTAL  COSTS  - (PARTS  I AND  2) 


3.663.3 

33.3 

4,200 

126.3 

25.700 

5.049.6 

393.1 

99.900 

1,378.5 

351 .000 

• 2.9 

1.2 

800 

l .2 

800 

48 

259 

17.300 

775 

51 .700 

)80 

0 

0 

0 0 

- 

• 70 

14,000 

170  14,000 

- 

0 

0 

216  11.000 

(Assessed  on  a 

945.9 

864 

97.200 

Basin-wide  Basis) 

12.4 

5.8 

18.800 

26.8 

89,100 

196 

485.5 

12.100 

•.453.5 

U.300 

264.300 

579.600 

- 

53.0 

13.500 

55.4 

14. 100 

- 

0 

0 

0 

0 

(Assessed  on 

a Basin-wide  Bas i s) 

- 

5.0 

•5.700 

21.9 

71 .600 

3.50 

1.20 

1 .90 
0.30 

6.600 
1 .000 

(Assessed  on  a 

3 

i 

17.200 
1 .800 

- 

1,188.1 

29.700 

3.7930 

94,800 

3.0 

2,3 

200 

13.9 

1 .300 

63 

85.4 

1 • .200 

• 37.7 

18.000 

77.900 

218. &0O 

342.200 

798.400 

NOTES;  (I)  Reouirement  in  addition  to  that  provided  by  going  development  programs. 

(2)  Costs  shown  are  for  Initial  facilities  and  such  measures  as  may  be  required  to  implement  the  program  and  do  not  include  water  an-i  related 
land  cost.  Base  year  I960. 

(3)  The  number  of  outdoor  recreation  days  shown  include  some  sport  fishing  and  hunting  which  could  not  be  separately  accounted  for  in  available  data. 

(4)  Land  area  and  costs  shovm  are  for  total  land  treatment  and  management  requirements  In  watershed  projects  and  cover  both  water  resource 
development  related  and  other  lands. 

(5)  Specific  sites  to  provide  storage  capacity  for  streamflow  control  are  not  identified,  however,  favorable  storage  sites  are  potentially 
ava i lable. 

(6)  Because  of  population  and  resource  distributions,  remaining  subbasln  requirements  for  outdoor  recreat  on.  sport  fishing  and  hunting  not 
satisfied  by  water  resource  developments  may  require  a trade  off  with  adjacent  suboasins  or  satisfied  by  other  means 
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OHIO  RIVER  AND  MINOR  TRIBUTARIES 


1.  Planning  Environment.  - The  Monongahela  and  Allegheny  Rivers  meet 
at  Pittsburgh,  Pennsylvania,  to  form  the  Ohio  River.  The  Ohio  River  then 
flows  in  a southwesterly  direction  for  98I  miles  to  the  Mississippi  River 
at  Cairo,  Illinois,  generally  bisecting  the  Ohio  Basin.  The  Ohio  River 
drains  a total  of  203,9^0  square  miles,  but  only  I63  thousand  square  miles 
are  included  in  the  study  area.  The  Tennessee  River  Basin,  for  which  a 
separate  comprehensive  Type  I study  will  be  made,  has  been  excluded. 

The  tributary  drainage  area  flanking  the  Ohio  River  averages  10  to  15 
miles  in  width  on  each  side  for  a total  of  24,800  square  miles.  The  topog- 
raphy of  the  area  varies  greatly.  Near  the  mouth  of  the  Ohio  River,  the 
land  is  flat  to  rolling,  while  in  the  vicinity  of  Pittsburgh  the  terrain  is 
rugged.  Nearly  4,000  square  miles  of  the  land  is  in  flood  plain.  About 
two-thirds  of  this  is  subject  to  inundation  by  Ohio  River  flood  flows. 

The  Ohio  River  played  an  important  role  in  the  early  development  of 
the  nation.  Settlers  used  the  river  as  a principal  means  of  access  to  the 
interior.  This  early  waterway  route  to  the  west  developed  rapidly  and 
today  is  a major  artery  for  waterborne  transport  of  goods.  The  area  along 
the  Ohio  River,  including  the  minor  tributaries,  contains  about  one-third 
of  the  basin's  population.  Major  metropolitan  concentrations  are  located 
at  Pittsburgh,  Pennsylvania;  Huntington,  West  Virginia;  Cincinnati,  Ohio, 
Louisville,  Kentucky;  and  Evansville,  Indiana.  In  between  these  locations, 
the  banks  are  lined  with  industrial  complexes  and  important  smaller  com- 
mon i t i es . 

Fifty  percent  of  the  primary  metals  produced  in  the  Ohio  Basin  and 
40  percent  of  the  fabricated  metals,  chemicals,  and  food  processing  output 
occurs  along  the  Ohio  River.  The  river's  importance  continues  to  grow 
each  year  and  in  the  period  from  1950  to  1965.  over  25  billion  dollars  was 
invested  in  industry  in  the  counties  along  the  Ohio  River  and  its  navigable 
tributaries.  Over  25  percent  of  this  investment  was  made  in  the  primary 
metals  and  electric  power  industries.  Raw  materials  and  goods  produced 
range  from  bulk  items  such  as  sand,  gravel,  iron,  steel  and  agricultural 
products  to  highly  sophisticated  electronic  equipment.  These  items  range 
in  value  from  pennies  to  hundreds  of  dollars  per  pound.  Services  provided 
play  an  important  role  in  the  economy,  value  being  measured  in  several 
billion  dollars  annually.  Although  there  will  be  shifts  in  population  and 
types  of  industrial  activity,  the  basic  position  of  the  economy  of  the  area 
in  relation  to  the  Ohio  Basin  is  not  expected  to  change. 

The  Ohio  River  and  minor  tributaries,  for  purposes  of  discussion,  can 
be  conveniently  divided  into  five  reaches.  They  correspond  approximately 
to  the  Upper  Ohio,  Ohio-Hunt i ngton , Oh io-C i nci nnat i , Oh i o-Lou i svi 1 1 e and 
Lower  Ohio-Evansvi 1 le  economic  subareas.  (See  map,  figure  0-1) 

The  Upper  Ohio  reach  lies  along  200  miles  of  the  Ohio  River  from 
Pittsburgh  to  just  below  the  mouth  of  the  Hocking  River  and  includes 
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portions  of  Pennsylvania,  Ohio  and  West  Virginia.  The  Allegheny,  Mononga- 
hela,  Beaver,  Muskingum  and  Little  Kanawha  subbasins  drain  to  the  Ohio 
River  within  this  reach.  The  once  strong  agricultural  and  mining  economy 
has  declined  sharply  since  1930.  Manufacturing  has  become  an  important 
sector  of  the  economy.  Highest  growth  projections  in  industrial  output 
for  the  area  are  in  coal  mining  and  the  manufacture  of  machinery  and 
electrical  equipment.  About  700,000  people  live  in  the  area.  A modest 
increase  in  population  is  projected  for  I98O. 

The  Huntington  reach  from  miles  200  to  400  spans  the  Ohio  River  from 
below  the  mouth  of  the  Hocking  River  southward  to  below  the  mouth  of  the 
Scioto  River,  and  focuses  on  the  Hunt i ngton-Ash 1 and  metropolitan  area. 
Runoff  from  the  Kanawha,  Guyandotte,  Big  Sandy-Little  Sandy  and  Scioto 
subbasins  empty  into  the  Ohio  River  within  this  reach.  Agriculture  employ- 
ment has  declined  while  manufacturing  employment  has  grown  considerably 
since  World  War  II.  Primary  metals  and  chemicals  account  for  the  largest 
shares  of  employment  within  the  manufacturing  sector  of  the  economy.  Out- 
put of  the  chemical  industry  is  expected  to  triple  by  I98O.  Over  530,000 
persons  live  in  the  area.  The  population  is  expected  to  grow  moderately 
through  the  1970's. 

The  reach  of  the  Ohio  River  dominated  by  the  Cincinnati  metropolitan 
area  extends  from  Vanceburg,  Kentucky,  westward  and  southwestward  to  the 
Kentucky  River.  The  Licking,  Kentucky,  Great  Miami  and  Little  Miami  major 
tributaries  empty  to  the  Ohio  River  in  this  reach.  In  I960,  over  one- 
third  of  the  total  employment  in  this  area  was  in  manufacturing  with  heavi- 
est concentration  in  machinery  and  transportation  equipment.  Due  to 
anticipated  increases  in  manufacturing  productivity,  employment  in  this 
field  is  not  likely  to  grow  significantly  beyond  the  I960  level.  However, 
considerable  growth  is  projected  in  the  services,  finance  and  trade  sec- 
tors. Over  1.3  million  people  populate  this  area,  with  80  percent 
located  in  and  near  Cincinnati.  The  population  is  expected  to  increase  by 
approximately  20  percent  by  I98O. 

The  Louisville  reach  of  tl.e  Ohio  River  extends  southwestward  from 
the  Kentucky  River,  mile  5^0  to  Cannelton,  Indiana.  The  Salt  River  is 
the  only  major  tributary  entering  the  Ohio  River  in  this  reach.  The  econ- 
omy of  the  area  is  quite  diversified.  In  terms  of  employment,  machinery, 
lumber  and  furniture,  tobacco,  chemicals  and  food  production  are  of  con- 
siderable importance.  Manufacturing  accounts  for  30  percent  of  total 
employment.  Over  852,000  people  live  in  this  area,  with  85  percent  of 
them  around  Louisville.  By  1980,  total  population  is  expected  to  increase 
by  almost  35  percent. 

The  lower  reach  of  the  Ohio  River  centers  on  Evansville,  a major 
population  center  and  extends  from  Cannelton,  Indiana,  mile  720,  to  mile 
981,  the  mouth  of  the  Ohio  River  at  Cairo,  Illinois.  The  Green,  Wabash 
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and  Cumberland  subbasins  drain  to  the  Ohio  River  in  this  reach.  The 
Tennessee  Basin  also  drains  to  the  Ohio  River  in  this  reach  but  is  ex- 
cluded from  the  basin  study  area.  The  Saline  River  (minor  tributary) 
entering  from  the  northwest,  drains  1,170  square  miles  and  the  Tradewater 
River  (minor  tributary)  from  the  southern  side  of  the  Ohio  River  drains 
1,000  square  miles.  Other  minor  tributaries  are  much  smaller.  From  19^0 
to  i960,  labor  engaged  in  agriculture  declined  from  26  to  10  percent  of 
total  employment,  while  manufacturing  grew  to  26  percent  ot  total  employ- 
ment. Mining  employment,  contrary  to  the  general  trend  in  other  subareas, 
is  expected  to  increase  due  to  the  availability  of  coal  resources  for 
supplying  an  anticipated  demand  for  electrical  energy  in  the  lower  river. 

Of  the  more  than  560,000  persons  living  in  this  area,  36  percent  live  in 
the  Evansville  area.  An  increase  in  population  of  25  percent  is  projected 
by  1980,  a growth  rate  slightly  exceeding  that  of  the  Ohio  River  Basin. 

2.  Demand  for  Water  and  Related  Functions  and  Services.  - The  concen- 
tration of  economic  activity  along  the  banks  of  the  Ohio  River  and  adiacent 
areas  has  not  only  resulted  in  large  demands  for  water,  flood  control, 
navigation,  recreation,  and  other  water  oriented  functions  and  services, 
but  also  has  resulted  in  the  aggravation  of  problems  associated  with  munic- 
ipal and  industrial  waste  and  other  stream  pollution.  More  intense  use, 
additional  development,  and  more  efficient  management  of  water  and  related 
land  resources,  along  with  diligent  prosecution  of  other  programs  al'ied 
to  water  and  land  use,  will  be  required  to  keep  pace  with  projected  de- 
mands for  water  and  related  functions  and  services  along  the  Ohio  River 
and  in  minor  tributary  areas. 

Approximately  14  percent  of  the  municipal  and  industrial  water  with- 
drawals in  the  Ohio  Basin  and  over  45  percent  of  the  water  requirements  for 
electric  power  cooling  are  taken  from  the  Ohio  River  and  minor  tributaries. 
Twenty  percent  of  the  water  withdrawals  for  agriculture  and  rural  purposes 
within  the  Ohio  Basin  are  withdrawn  in  Ohio  River  and  minor  tributary 
areas.  Fulfillment  of  future  demands  for  water  will  be  contingent  upon 
availability  with  acceptable  quality  at  the  time  of  need. 

The  maintenance  of  satisfactory  water  quality  is  a major  concern 
along  the  entire  Ohio  River.  Thermal  pollution  is  a problem  in  some  areas. 
In  the  minor  tributaries,  water  quality  problems  exist  at  several  communi- 
ties. Although  minimum  natural  flows  on  the  Ohio  River  have  been  nearly 
doubled  during  low  flow  periods  by  release  of  stored  water,  increased 
waste  loads  continue  to  create  pollution  problems.  Under  conditions  of 
treatment,  existent  in  1965,  much  of  it  only  primary,  pollution  existed 
below  the  major  cities  at  various  times  of  low  flow,  especially  during  hot 
weather.  Monitoring  by  the  Ohio  River  Valley  Sanitation  Commission, 
ORSANCO,  has  shown  that  dissolved  oxygen  concentration  below  Pittsburgh, 
Huntington,  Cincinnati  and  Louisville  has  been  at  times,  less  than  4.0  ppm, 
the  minimum  quality  standard. 


13-0-3 


OHIO  RIVER  AND  MINOR  TRIBUTARIES 


Flooding  is  still  a serious  problem  on  the  Ohio  River,  A flood  con- 
siderably greater  than  the  flood  of  record  could  overtop  existing  levees 
and  floodwalls  and  would  cause  catastrophic  losses  in  life  and  property. 
Occurrence  of  such  a flood  is  not  very  likely,  but  is  a theoretical  possi- 
bility. Additional  storage  capacity  would  reduce  the  risk  of  rare  floods. 

The  coal  mining  industry  together  with  the  oil  refining,  chemical, 
steel  producing  and  related  industries  are  highly  dependent  on  the  availa- 
bility of  low-cost  transportation  for  their  products.  The  Ohio  River, 
which  carries  25  percent  of  the  waterborne  commerce  within  the  United 
States,  is  the  backbone  of  the  Ohio  River  navigation  system.  Continual 
improvement  of  the  waterway  will  be  required  to  keep  pace  with  growing 
demand . 

Although  facilities  for  fishing  appear  to  be  adequate  through  at 
least  1980,  a deficiency  in  opportunities  for  outdoor  recreation  and 
hunting  exists  along  the  Ohio  River  and  in  minor  tributary  areas.  This 
is  particularly  true  for  areas  in  and  near  the  major  metropolitan  centers. 

Minor  tributary  lands  and  agricultural  areas  along  the  Ohio  River 
are  in  need  of  additional  land  treatment  and  management  measures  to  con- 
trol erosion,  reduce  sediment  transport  to  streams  and  improve  agricul- 
tural productivity. 

a.  Going  Program  Accomplishment.  - Development  and  management 
programs  instituted  by  Federal,  state  and  local  interests  have  generally 
solved  the  critical  problems  and  provided  for  most  urgent  needs.  Efforts 
have  been  underway  for  some  time  to  solve  pollution  problems,  reduce 
erosion,  prevent  flooding,  improve  water  quality,  improve  the  navigable 
waterway,  and  also  provide  for  outdoor  recreation,  sport  fishing,  hunting, 
and  other  demands.  Programs  for  land  management  and  fish  and  wildlife  pre- 
servation have  been  in  effect  for  some  time.  Crop  production  methods  are 
continually  being  improved;  these,  besides  increasing  land  productivity, 
enhance  conditions  for  retardation  of  runoff.  The  interest  and  cooperation 
between  the  states,  communities  and  organ i zat i ons  who  have  a vital  stake  in 
development  along  the  Ohio  River  has  been  a major  asset  in  water  resource 
pi ann i ng . 

Projects  completed,  under  construction  or  in  advanced  planning  as  of 
July  1965  would  prevent  potential  average  annual  damages  of  88.7  million 
dollars  along  the  Ohio  River  and  2.6  million  dollars  in  the  minor  tributary 
areas.  These  potential  damages  along  the  Ohio  River  will  be  prevented  by 
flood  stage  reduction  afforded  by  75  reservoirs  located  in  the  tributary 
subbasins  in  combination  with  27  local  protection  projects  along  the  Ohio 
River  containing  over  1 30  miles  of  levees,  floodwalls  and  channel  improve- 
ments. Reservoir  capacity  in  the  going  program  for  regulation  of  flood 
flows  on  the  Ohio  River  totals  about  17  million  acre-feet.  Statistics  as 
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to  location,  storage  capacities,  etc.,  of  the  individual  reservoirs  are 
covered  in  the  subbasins  where  located. 

Developments  in  the  minor  tributary  areas  consist  of  five  reservoirs, 
five  major  and  15  small  local  protection  projects,  and  14  authorized  up- 
stream watershed  projects.  There  are  over  304,000  acre-feet  of  flood  con- 
trol storage  and  over  44l  miles  of  levees,  walls  and  channel  improvements 
included  in  these  projects. 

The  Ohio  River  is  the  principal  source  of  water  withdrawals  for  the 
municipalities  and  industries  located  along  its  banks.  In  areas  where  the 
water  bearing  alluvium  is  readily  replenished  by  induced  recharge  from  the 
Ohio  River,  yields  from  wells  and  ground  water  collectors  are  fairly  large. 
About  20  percent  of  the  water  demand  for  municipal  use  is  being  obtained 
from  ground  water  sources.  This  varies  from  a high  of  58  percent  in  the 
upper  Ohio  reach  to  a minimum  of  5 percent  in  the  Cincinnati  reach  of  the 
Ohio  River.  Sufficient  water  has  generally  been  available  to  meet  demand 
except  during  periods  of  extreme  drought;  but  by  I98O  steps  must  be  taken 
to  avert  shortages,  particularly  in  the  tributary  areas. 

Much  has  been  accomplished  through  the  efforts  of  the  Ohio  River 
Valley  Sanitation  Commission  (ORSANCO)  toward  restoring  the  "clear  streams" 
status  of  the  Ohio  River  and  other  streams  from  the  standpoint  of  municipal 
and  industrial  pollution.  ORSANCO  reports  that  waste  treatment  facilities 
serve  99  percent  of  the  3.7  million  people  living  in  communities  along  the 
Ohio  River.  Construction  of  new  treatment  plants  and  improvements  to 
existing  plants  continue.  Over  80  percent  of  the  industries  along  the 
Ohio  River  are  meeting  minimum  waste  treatment  requirements.  About  7 
million  acre-feet  of  storage  capacity,  for  regulation  of  flows  during  low 
flow  periods,  was  existent,  under  construction  or  in  advanced  planning  in 
July  1965.  Nearly  all  of  this  is  provided  in  the  major  tributary  subbasins 
draining  to  the  Ohio  River. 

The  entire  length  of  the  Ohio  River  is  navigable  for  modern  bargetows. 
The  waterway  is  one  of  the  most  successful  inland  navigation  routes  in  the 
world  which  in  1965  carried  more  than  100  million  tons  of  freight  in  a move- 
ment exceeding  27  billion  ton-miles.  Under  the  current  modernization  plan, 
the  river  system  will  comprise  19  dam-lock  units  with  slack  water  pools  up 
to  114  miles  long.  Construction  for  the  plan  has  been  underway  for  more 
than  a decade,  and  by  1965,  15  new  navigation  structures  were  in  the  going 
program  providing  an  annual  waterway  capacity  of  34  billion  ton-miles. 

There  are  many  steam  electric  generating  stations  along  the  shores  of 
the  Ohio  River.  However,  there  are  only  2 hydroelectric  power  plants  in 
existence.  The  Markland  navigation  dam  has  an  installation  of  8l  megawatts 
and  McAlpine  80.3  megawatts.  Both  installations  are  privately  owned.  Pro- 
visions for  future  hydroelectric  power  facilities  are  included  in  the  plan- 
ning of  the  other  navigation  projects  in  the  modernization  program. 
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Recreation  facilities  provide  opportunity  for  nearly  three  million 
visitor  days  along  the  Ohio  River.  It  is  estimated  that  over  80,000  pleas- 
ure craft  use  the  river.  In  I960,  water  related  or  enhanced  outdoor  recre- 
ational activity  in  the  Ohio  River  and  minor  tributary  area  reached  11.6 
million  recreation  days.  In  addition,  sport  fishing  and  hunting  came  to 
2.5  million  angler  days  and  3.'  million  hunter  days,  respectively. 


b.  Future  Demand.  - See  table  0-1  for  base  year  and  projected 
increases  in  demand  for  water  and  related  functions  and  services. 


Water  withdrawals  are  projected  to  increase  from  an  average  of  about 
10.5  billion  gallons  per  day  (I960)  to  17.8  billion  gallons  per  day  by  2020. 
Withdrawals  of  13.3  billion  gallons  per  day  to  satisfy  electric  power  cool- 
ing requirements  account  for  75  percent  of  the  total.  Withdrawals  for 
municipal  and  industrial  uses  are  projected  to  increase  an  additional  2.7 
billion  gallons  per  day  to  a total  of  4.2  billion  gallons  per  day  by  2020. 
This  is  nearly  triple  the  volume  of  water  withdrawal  in  I98O.  Water  with- 
drawals for  rural  and  farm  use,  as  inventoried  in  I960,  were  about  1 58 
million  gallons  per  day;  by  2020  demand  is  projected  to  be  about  300  mgd . 
Withdrawals  for  rural  and  farm  use  are  a small  fraction  of  total  withdrawals 

Waste  loads  entering  the  Ohio  River  and  minor  tributaries  are  projected 
to  increase  in  about  the  same  proportion  as  the  increase  in  water  with- 
drawals for  municipal  and  industrial  use.  By  the  year  2020,  residual  wastes 
discharged  by  municipalities  and  industries  along  the  banks  of  the  Ohio 
River  and  minor  tributaries  are  projected  to  increase  2.7  times  the  I96O 
average.  Stream  regulation  during  low  flow  periods  will  be  required  to  in- 
sure that  sufficient  water  is  available  to  absorb  these  wastes  without 
degrading  water  quality  beyond  acceptable  limits. 

Flooding  will  remain  a serious  problem  on  the  Ohio  River  although  the 
major  tributary  reservoirs  and  main  stem  local  protection  projects  in  the 
going  program,  when  completed,  would  reduce  potential  average  annual  dam- 
ages along  the  Ohio  River  from  100  million  dollars  to  about  11.3  million 
dollars.  Under  conditions  of  flood  plain  development  projected  for  2020, 
potential  average  annual  damages  are  estimated  to  reach  44.6  million  dollars 
unless  additional  flood  stage  reduction  is  provided  for  the  entire  reach  of 
the  Ohio  River,  local  protection  projects  at  specific  locations  and  more 
stringent  flood  plain  management  actions  are  undertaken  for  their  prevention 
The  flood  plains  have  great  potential  for  industrial  development.  However, 
the  benefit  of  locating  in  the  flood  plain  must  be  carefully  weighed 
against  not  only  the  possibility  of  physical  damages  and  severe  economic 
loss  due  to  disruption  of  activities,  but  loss  of  life. 

Residual  annual  damages  in  the  minor  tributary  areas  along  the  Ohio 
after  completion  of  the  going  program  for  flood  control,  are  estimated  at 
10.2  million  dollars  and  are  widely  dispersed.  Protective  works  and 
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management  actions  will  be  needed  to  mitigate  potential  average  annual 
flood  damages  about  double  this  amount  with  flood  plain  development  pro- 
jected for  2020. 

Ohio  River  freight  traffic  is  expected  to  grow  over  the  period  I96O-8O 
at  an  annual  rate  of  4 percent,  reaching  a total  of  42  billion  ton-miles  in 
1980.  Early  completion  of  the  waterway  modernization  plan  will  be  essential 
to  accommodate  this  volume  of  traffic.  Increased  channel  depths  will  be 
needed  to  physically  accommodate  the  1 I7  billion  ton-miles  of  riverborne 
commodities  projected  for  the  year  2020.  The  increased  depth  would  provide 
for  more  efficient  and  economic  use  of  the  waterway  and  should  be  accom- 
plished at  an  early  date.  The  construction  of  potential  new  basin  and 
interregional  waterways  could  increase  2020  water  transport  demands  on  the 
Ohio  River  by  another  10  billion  ton-miles. 

Additional  electric  power  generation  will  be  required  to  support 
industrial  expansion  and  the  general  grov'th  of  trie  economy.  Hydroelectric 
power  plants  could  be  efficiently  utilized  to  provide  about  10  percent  of 
the  total  capacity  requirements  in  the  Ohio  Basin. 

Land  area  requiring  treatment  and  proper  management  for  efficient  use 
is  projected  to  increase  to  about  8.7  million  acres  by  2020.  Some  66,000 
acres  of  strip  mined  land  are  in  need  of  rehabilitation,  with  80  percent 
of  the  land  located  in  the  upper  Ohio  area  and  around  Pittsburgh.  By  2020, 
the  irrigated  land  area  is  projected  to  increase  from  5,600  acres  as  inven- 
toried in  i960  to  127,500  acres,  whereas  land  that  may  be  economically 
drained  may  reach  a total  of  slightly  less  than  2 million  acres,  an 
increase  of  771.000  acres  over  that  drained  in  I96O. 


The  demand  for  outdoor  recreation  is  predicted  to  increase  over  21 
times  the  I96O  average  use  by  2020,  an  increase  of  236  million  recreation 
days.  This  demand,  in  conjunction  with  increased  pressure  for  hunting  and 
fishing  opportunity,  will  require  full  use  of  water  and  lands  affiliated 
with  water  resource  development. 


3.  Resource  Availability.  - The  average  annual  volume  of  flow  in  the 
Ohio  River  is  generally  sufficient  in  quantity  to  satisfy  demands  for 
water  and  serve  other  beneficial  purposes;  however,  seasonal  distribution 
is  such  that  regulatory  control  of  runoff  is  required  to  reduce  flows  during 
periods  of  excess  and  assure  availability  at  times  of  need.  A satisfactory 
quality  of  water  can  be  maintained  provided  necessary  pollution  control 
measures  are  put  into  effect  in  combination  with  streamflow  regulation  to 
keep  pace  with  the  stream  pollution  problem. 


The  banks 
t ransportat i on 
highways.  The 


of  the  Ohio  River  provide  for  industrial  developments,  and 
routes  with  low  gradients  and  wide  bends  for  railroads  and 
waterway  itself,  of  course,  has  been  a main  artery  of 
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transport  for  a number  of  years.  The  highly  developed  flood  plain  and 
adjacent  lands  of  the  Ohio  River  Valley  would  make  it  uneconomical  to  build 
storage  reservoirs  on  the  Ohio  River.  Therefore,  storage  capacity  for  con- 
trol of  streamflow  on  the  Ohio  River  must  be  located  in  strategically 
placed  reservoirs  in  the  various  subbasins.  The  development  potential  of 
the  minor  tributaries  appears  to  be  adequate  to  provide  the  reservoir  capa- 
city required  for  streamflow  control  for  most  of  the  minor  tributary  area. 

The  hydroelectric  power  potential  of  the  Ohio  River  and  minor  tribu- 
taries has  not  been  fully  investigated.  The  amount  of  Ohio  Basin  capacity 
requirements  that  can  be  satisfied  along  the  Ohio  River  is  unknown  except 
for  the  conventional  hydroelectric  power  in  existence  and  identified  as 
being  potentially  feasible  at  the  Ohio  River  navigation  dams.  It  may  be 
feasible  to  develop  pumped-storage  facilities  at  several  locations  where 
the  Ohio  River  is  fairly  well  entrenched  in  relation  to  the  general  terrain 
adjacent  to  the  river.  Future  detailed  investigations  will  be  required  to 
determine  the  extent  of  this  potential. 

The  scenic  value  of  the  Ohio  River  Valley  should  not  be  overlooked. 
Recreation  areas  can  be  built  not  only  on  the  banks,  but  on  the  highlands 
overlooking  the  river.  The  minor  tributary  areas,  which  are  generally 
forested,  and  some  riverside  land  can  be  developed  for  game  management. 

Both  sport  and  commercial  fishing  can  be  further  developed  in  the  Ohio 
River  and  in  the  backwater  pools  formed  on  the  tributaries  by  Ohio  River 
navigation  dams.  Much  of  the  27.5  million  pounds  of  commercial  fish  de- 
mand for  the  Ohio  Basin  could  be  satisfied  from  the  Ohio  River  provided 
water  quality  control  and  fishery  management  programs  are  properly 
impl emented . 

The  alluvial  aquifers  along  the  Ohio  can  and  do  provide  water  of 
relatively  constant  temperature  and  quality.  The  sand  and  gravel  deposits 
in  the  valley  hold  abundant  quantities  of  ground  water.  High  rates  of 
pumpage  can  be  sustained  because  the  aquifers  are  readily  recharged  by 
natural  or  induced  infiltration  from  the  Ohio  River.  The  water  is  gener- 
ally high  in  iron  content  and  hard,  but  this  has  not  prevented  extensive 
development  and  use.  Well  yields  are  smaller  in  the  lower  reaches  of  the 
Ohio,  but  even  here  yields  may  be  as  high  as  1,500  gpm.  High  yielding 
aquifers  are  not  generally  present  in  the  small  tributary  drainages.  Good 
aquifers  are  present,  however,  in  sand  and  gravel  deposits  along  the 
Hocking  River  in  Ohio  and  in  loosely  consolidated  sand  and  gravel  south  of 
the  Ohio  River,  downstream  from  the  mouth  of  the  Tennessee  River.  Well 
depths  general ly  vary  from  30  to  150  feet. 

4.  Assessment  of  Resource  Development  Requirements.  - Principal  water 
supply,  water  quality  and  flood  problem  areas,  together  with  reservoirs  and 
upstream  watershed  projects  in  the  going  program  of  development,  and  those 
identified  as  potential  future  projects,  are  shown  on  the  subarea  map, 
figure  0-1.  Summary  data  for  projects  in  the  going  program  are  given  in 
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Appendix  K,  tables  15  through  21,  and  for  identified  potential  projects  in 
tables  24  through  28.  The  relationship  of  problem  areas  and  projects  in 
the  going  program  is  shown  schematically  in  figure  0-2,  and  key  data  re- 
lating to  problem  areas  are  given  in  table  0-2.  The  schematic  diagram  was 
used  for  general  orientation  in  analyzing  problems  and  needs  and  estab- 
lishing development  requirements  for  streamflow  control.  An  accounting 
of  storage  capacity  for  minor  tributary  streamflow  control  is  given  in 
table  0-3.  Results  of  the  subbasin  assessment  to  determine  the  magnitude 
and  costs  of  resource  development  required  to  satisfy  projected  demands 
for  water  and  related  functions  and  services  to  serve  the  Ohio  River  and 
minor  tributary  subarea  are  summarized  in  table  0-4.  Ohio  River  flood  con- 
trol storage  requirements  are  provided  for  in  the  major  tributary  subbasin 
analyses. 


a . Requirements  to  be  Furnished  by  Identified  Resource  Potential. 
Analysis  of  demands  for  water  and  related  functions  and  services  and  of  the 
means  whereby  these  demands  can  be  satisfied  indicates  that  to  solve  water 
supply,  water  quality  and  flood  problems,  development  of  additional  storage 
capacity  for  streamflow  control  will  be  required;  also,  further  local  pro- 
tection projects  and  channel  improvements  will  be  required  at  several  loca- 
tions, either  singly  or  in  combination  with  streamflow  regulation,  to  better 
cope  with  flood  problems.  The  plan  for  control  of  streamflows  assumes  the 
following:  available  ground  water  will  be  utilized;  organic  wastes  will  re- 

ceive adequate  secondary  treatment  before  release  to  streams;  and  appropri- 
ate flood  plain  management  measures  will  be  undertaken  to  minimize  the  need 
for  storage  reservoirs  and  other  physical  works  for  control  of  flood  flows. 

The  major  flow  control  problem  on  the  Ohio  River  is  associated  with 
floods.  Pittsburgh,  Pennsylvania;  Wheeling  and  New  Mart i nsvi 1 1 e , West 
Virginia;  Marietta  and  Cincinnati,  Ohio;  and  Evansville  and  Aurora,  Indiana, 
are  major  urban  flood  damage  centers.  On  the  minor  tributaries,  Athens, 
Ohio,  on  the  Hocking  River,  is  a major  urban  damage  center.  Reservoir  capa- 
city required  by  2020  to  control  Ohio  River  Standard  Project  Flood  stages 
to  the  maximum  of  record  is  estimated  to  be  approximately  26  million  acre- 
feet  in  addition  to  the  amount  that  will  be  available  upon  completion  of  the 
going  program  for  flood  control.  Flood  storage  space  to  be  provided  in  the 
major  tributary  identified  projects  for  control  of  flood  flows  on  the  Ohio 
River  totals  about  15.3  million  acre-feet,  of  which  11.4  million  acre-feet 
is  considered  fully  effective  and  required  to  aid  in  the  control  of  the  Ohio 
River  Standard  Project  Flood.  In  addition  to  storage  capacity  located  in 
the  major  tributary  subbasins,  26  local  protection  projects  with  58  miles 
of  levees  and  floodwalls  along  the  Ohio  River  have  been  identified.  To  con- 
trol flood  waters  in  the  minor  tributaries  to  the  Ohio  River,  1.6  million 
acre-feet  of  storage  capacity  are  required.  Five  reservoirs  with  I75i000 
acre-feet  of  capacity  would  provide  control  on  both  the  Hocking  River  and 
on  the  Ohio  River.  Twenty-three  other  reservoirs,  with  826,000  acre-feet 
of  space  disbursed  throughout  the  minor  tributaries,  in  coordination  with 
eight  major  and  two  minor  local  protection  projects  would  provide  for 
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localized  flood  control.  In  addition,  493.000  acre-feet  of  a total  storage 
potential  of  2.3  million  acre-feet  in  117  potential  upstream  watershed  proj- 
ects would  be  utilized;  flood  channel  improvements  in  upstream  watershed 
areas  total  1,254  miles. 

Streamflow  supplementation  will  be  required  at  many  localities  to 
assimilate  wastes  discharged  to  streams  from  cities  and  industry.  Thirteen 
localities  are  identified  on  the  minor  tributaries.  Pittsburgh  and  Cincin- 
nati serve  as  indices  to  Ohio  River  requirements.  Fulfilling  the  projected 
flow  requirements  at  Pittsburgh  and  Cincinnati  will  provide  sufficient 
assimilative  capacity  to  meet  minimum  dissolved  oxygen  standards  at  all 
intermediate  and  downstream  points.  As  measured  in  1965,  5,000  cf s were 
required  at  Pittsburgh.  This  will  increase  to  5,700  cfs  by  I98O  and  7,800 
cfs  by  2020.  At  Cincinnati,  corresponding  amounts  are  8,000  cfs,  11,000 
cfs  and  13,200  cfs,  respectively.  Storage  capacity  available  upon  comple- 
tion of  subbasin  reservoirs  in  the  going  program  will  generally  provide 
sufficient  flow  for  the  assimilation  of  municipal  and  industrial  wastes 
which  have  been  treated  to  remove  85  percent  of  the  biochemical  oxygen  de- 
mand until  about  I98O.  To  assimilate  2020  waste  loads,  additional  flow 
will  be  required  to  prevent  problems  occurring  during  drought  years.  Stor- 
age capacity  to  be  provided  at  identified  sites  in  the  various  major  sub- 
basins will  be  sufficient  to  meet  these  requirements.  Storage  capacity 
required  for  water  quality  control  on  the  minor  tributaries  is  235,800  acre- 
feet,  of  which  50,300  acre-feet  can  be  provided  in  identified  potential 
reservoi rs . 

Water  withdrawal  demands  of  municipalities  and  industries  along  the 
Ohio  River  can  be  satisfied  during  low  flow  periods  by  water  made  avail- 
able by  storage  releases  in  the  major  subbasins  for  control  of  water  qual- 
ity and  water  supply.  The  ground  water  potential  is  considered  adequate 
to  provide  an  average  of  about  305  million  gallons  per  day  toward  satis- 
fying 2020  water  requirements.  About  1,677,000  acre-feet  of  reservoir 
capacity  will  be  required  in  the  minor  tributary  areas  to  satisfy  water 
withdrawal  demands.  Potential  capacity  in  identified  reservoirs  is  94,500 
acre-feet . 

Continual  improvement  of  the  existing  waterway  will  be  required  to 
keep  pace  with  demand  for  low  cost  transport  of  waterborne  freight,  and 
shortly  after  I98O  the  navigable  depth  should  be  increased  to  12  feet  for 
the  full  length  of  the  Ohio  River. 

An  undeveloped  hydroelectric  power  potential  totaling  8I6  megawatts 
of  installed  capacity  has  been  identified  as  being  potentially  feasible  of 
development  on  the  Ohio  River.  Conventional  power  installations  would  vary 
from  22  to  100  megawatts  at  16  of  the  dams  included  in  the  navigation 
modernization  program  and  would  be  in  addition  to  the  power  plants  at  the 
McAlpine  and  Markland  projects.  The  capacity  would  be  useable  prior  to 
1980  to  meet  a portion  of  the  growing  Ohio  River  Basin  power  requirements. 
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Inclusion  of  the  power  potential  as  an  element  of  water  resource  develop- 
ment is  based  on  judgment  that  the  installations  will  prove  to  be  desir- 
able and  economically  feasible  in  comparison  to  alternative  sources  of 
power  supply. 

About  45  percent  of  the  Ohio  River  and  minor  tributary  area  is 
included  in  potentially  feasible  upstream  watershed  projects  and  amounts 
to  5.8  million  acres.  Of  this  amount,  it  is  estimated  that  approximately 
3.2  million  acres  - predominantly  in  crop  and  pasture  land  -will  require 
treatment  and  management  by  2020  to  enhance  land  productivity  and  serve 
other  beneficial  purposes.  Retardation  of  runoff,  control  of  erosion,  and 
reduction  of  sediment  transport  to  streams  are  important  considerations. 

Recreational  opportunity  equivalent  to  about  40.7  million  recreation 
days  can  be  provided  by  the  Ohio  River,  and  impoundments,  reservoirs  and 
other  identified  developments  in  the  minor  tributary  areas  if  convenient 
access  and  adequate  facilities  are  made  available. 

b.  Rema i n i nq  Requ i remen t s . - A total  of  1,607,000  acre-feet  of 
storage  capacity  in  addition  to  amounts  provided  in  the  going  program  and 
identified  potential  reservoirs  will  be  required  in  the  minor  tributary 
drainages  to  regulate  flood  flows  and  supplement  streamflows  during  low 
flow  periods.  Storage  for  the  control  of  water  quality  and  to  satisfy  de- 
mands for  water  withdrawals  totals  1,504,400  acre-feet.  It  includes  an 
amount  for  water  required  in  areas  not  identified  by  specific  location  of 
need  and  an  amount  required  to  provide  streamflow  regulation  in  several 
identified  areas  of  need,  but  for  which  storage  developments  are  not  iden- 
tified. Flood  storage  capacity  of  103,800  acre-feet  will  be  required  on 
the  Hocking  River  to  assist  in  regulating  the  Ohio  River  Standard  Project 
Flood  flood  stages  to  the  maximum  of  record. 

The  extent  to  which  demand  for  outdoor  recreational  opportunity  can 
be  satisfied  beyond  that  provided  by  identified  developments  has  not  been 
assessed.  It  is  apparent  that  the  recreational  potential  of  the  Ohio 
River  and  developments  in  the  tributary  areas  must  be  utilized  to  the  maxi- 
mum practical  extent.  It  is  likely  that  only  a portion  of  the  remaining 
requirements  can  be  met  in  conjunction  with  other  needed  water  resource 
development,  particularly  near  the  metropolitan  population  centers.  The 
rest  will  have  to  be  provided  by  other  means.  Local  sport  fishing  demands 
can  be  satisfied  and  relieve  pressure  in  other  areas  for  several  years  into 
the  future,  but  by  2020  further  opportunity  will  be  required.  Improved 
fish  and  wildlife  management  on  the  Ohio  River,  and  other  streams  and  adja- 
cent lands  can  do  much  to  enhance  fishing  and  hunting  opportunity. 

Remaining  land  treatment  and  management  requirements  are  associated 
with  the  general  land  base  outside  watershed  projects,  with  the  exception 
that  lands  to  be  irrigated  or  drained  may  be  located  in  or  outside 
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watershed  projects.  By  the  year  2020,  approximately  4.6  million  acres  of 
cropland,  pasture,  and  woodland  would  be  subject  to  treatment  and  manage- 
ment measures,  some  of  the  more  common  being  contour  farming  of  all  types, 
controlled  grassland  farming,  and  improved  forest  management  and  utiliza- 
tion. These  lands  along  with  lands  to  be  irrigated  and  others  to  be 
drained,  are  accounted  for  in  the  general  inventory  of  requirements  but 
are  not  identified  by  specific  location. 
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OHIO  RIVER,  MINOR  TRIBUTARIES 
DEMAND  FOR  WATER  AND  RELATED  FUNCTIONS  AND  SERVICES 


Base  Year 

Projected 

1 ncrease  ^ 

Un  i t 

Amount 

1980 

2020 

Water  Wi tbdrawa ) 

Municipal  and  1 ndust r i a 1 ^ 

Million  Gallons  Per  Day 

1 ,493.5 

518.7 

2,709.1 

Electric  Power  Cooling 

Million  Gallons  Per  Day 

8,820 

O 

CM 

4,470 

Rural  Communities 

Million  Gallons  Per  Day 

127.1 

24.5 

73.0 

Rural  Domestic  and  Livestock 

M( If  ion  Gallons  Per  Day 

26.94 

0 

12.42 

1 r r i gat  ion 

Million  Gallons  Per  Day 

3.7 

6.9 

57.3 

Stream  Assimilation  of 
Organic  Waste  Effluent(^) 

1 ,000  Popu la t ion 
Equivalents 

1,155.7 

423.0 

1 ,967.1 

Flood  Damage  Prevention(5) 

Million  Dollars  Annually 

90.76 

28.12 

64.77 

Waterway  Freight  Movement 

Mi  1 1 ion  Ton-Mi les 
Annua  1 1 y 

34,000 

8,000 

93,000 

Hydroelectric  Power  - 
1 nsta 1 led  Capaci ty 

Megawatts 

161.3 

(Assessed  on  a 

basi n-wi de  basi s) 

Outdoor  Recreation 

Million  Recreation  Days 

11.6 

82.4 

236.0 

Sport  Fishing 

Mill  Ion  Angler  Days 

2.51 

0 (7) 

1 .03 

Hunt i ng 

M i 1 1 ion  Hunter  Days 

3.10 

0.63 

1 .02 

Commercial  Fishing 

(Assessed  on  a 

basi n-wi de  bas i s) 

Land  Treatment  and  Management 

1 , 000  Acres 

822 

2,789 

7,863 

Drai nage 

1 ,000  Acres 

1 ,257 

591 

771 

Irrigation  (Land  Area) 

1 ,000  Acres 

5.6 

15.5 

121.9 

NOTES:  (1) 

(2) 
(3) 
{'*) 

(5) 

(6) 


Base  year  anounts  plus  projected  increase  equals  gross  denands. 

Mining  industry  water  requirements  not  included;  assessed  on  a basin-wide  basis. 

Withdrawal  shown  is  for  average  year;  drought  year  may  be  45  percent  higher. 

Residual  biochemical  oxygen  demand  after  85  percent  waste  removal  by  treatment. 

The  dollar  amounts  (1980  and  2020)  are  indices  to  the  magnitude  of  the  problem  and  the  protection  measures 
required  to  reduce  the  potential  damaging  effects  of  floods. 

An  index  to  the  canalization  and  waterway  facilities  required  to  accommodate  the  transport  of  waterborne 
freight. 


(7) 


Net  requf  remen ts . 


TABLE  0-2 


OHIO  RIVER  AND  MINOR  TRIBUTARIES 

PRINCIPAL  CONSIDERATIONS  IN  DETERMINING  STORAGE  CAPACITY  REQUIREMENTS 
FOR  CONTROL  OF  STREAMFLOW 


A.  SUPPLEMENTAL  STREAMFLOW  REQUIRED  AT  KEY  LOCATIONS  TO  CONTROL  WATER  QUALITY  (CFS) . 


Problem  Area^*^ 

Stream 

Requi red 

1980 

F low(2) 
2020 

Flow  Provided  by 
Going  Program 

Supp I emen  ta 1 
F 1 ow  Reau i red 

1980  2020 

Pittsburgh,  Pa 

Ohio  River 

5.700 

7.800 

5,600 

100 

2,200 

McDonald,  Pa 

Robinson  River 

50 

75 

0 

50 

75 

Washington,  Pa 

Chartiers  Creek 

50 

75 

2 

48 

73 

Canonsburg,  Pa 

Chartiers  Creek 

10 

22 

0 

1 1 

22 

Salem,  Ohio 
Lancaster,  Ohio 

Little  Beaver  River, 
Middle  Fork 
Hocking  River 

35 

55 

25 

10 

30 

Logan,  Ohio 

Hocking  River 

35 

55 

25 

10 

30 

Athens,  Ohio 

Hocking  River 

35 

55 

25 

10 

30 

Wei Iston,  Ohio 

Little  Raccoon  Creek 

10 

15 

5 

10 

15 

C i nci nnat i , Ohio 

Ohio  River 

1 1 ,000 

13.200 

12,000 

0 

1 ,200 

Batesvi 1 le,  Ind 

Laughery  Creek 

15 

25 

5 

10 

20 

Corydon,  Ind 

Big  Indian  Creek 

15 

28 

0 

15 

28 

Salem,  Ind 

Blue  River 

12 

30 

5 

7 

25 

Harri sburg , 111 

Sal ine  River 

20 

35 

5 

15 

30 

B.  WATER  REQUIRED  TO  SATISFY  DEMANDS  FOR  WITHDRAWAL  AND  USE  (IN  ADDITION  TO  THAT  PROVIDED  IN  BASE  YEAR)  (MGD), 


1 tern 

1980 

2020 

1.  Total 

wi thdrawa 1 

1 ,870 

7,322 

2.  To  be 

provided  by  groundwater 

63 

305 

3.  Total 

consumptive  use 

00 

406 

C.  FLOOD  DAMAGE  AREAS. 


Location 


Residual  Oainages 
(Hi  H ions  DoMarSv 


).  Upstream  areas  9.16 

2.  Major  urban  areas^*^  3-52 

Steubenville,  Ohio,  Ohio  River 

New  Martinsville,  W Va,  Ohio  River 

Marietta,  Ohio,  Ohio  River 

Dayton,  Ohio,  Ohio  River 

Aurora,  Ind,  Ohio  River 

Evansville,  Ind,  Ohio  River 

Wheeling,  W Va,  Ohio  River 

Cincinnati,  Ohio,  Ohio  River 

Pittsburgh  Metropolitan  Area,  Pa,  Ohio  River 

Athens,  Ohio,  Hocking  River 

Logan,  Ohio,  Hocking  River 

3.  Other  flood  plain  areas  8.79 

4.  Total  subbasin  21.47  Projected  to  28,12  in  1980  and  64.77  in  2020. 


NOTES: 


(1)  See  figure  0-1  for  geographic  location  of  principal  problem  areas  and  figure  0-2  for  schematic  relationship. 

(2)  Streamflow  required  to  maintain  a minimum  of  4 parts  per  million  of  dissolved  oxygen. 

(3)  Water  required  to  satisfy  municipal  and  industrial,  electric  power  cooling,  rural  community,  rural  domestic 
and  livestock,  and  irrigation  demands. 

(4)  Estimated  average  annual  damages  with  the  1965  flood  control  program  completed  (1965  constant  dollars). 


TABLE  0-3 


OHIO  RIVER,  HfNOR  TRIBUTARIES 
ACCOUNTING  OF  STORAGE  CAPACITY  FOR  STREAMFLOW  CONTROL 
(IN  ADDITION  TO  THAT  PROVIDED  IN  THE  GOING  PROGRAh) 


T I >"6  Period 

1980 

S I I , OC  -r  \ 


A.  WATER  QUALITY  CONTROL. 


1.  Storage  reguired^*) 

73' 

2.  Storage  provided  in  identified  potential  sites 

5c  : 

3.  Additional  storage  required 

106. “t 

1«S.S 

WATER  WITHDRAWALS. 

1 , Storage  regui red 

337.7 

1 ; 

FLOOD  CONTROL. 

1.  Subbasin  and  Ohio  River  control  requirement 

326  5 

1 .S97  ^ 

2.  Storage  provided  in  Identified  potential  sites 

300.7 

1 .4Q4  4 

a.  for  solving  localized  problems 

(181. 1) 

(493.2) 

b effective  in  controlling  both  subbasin  and  Ohio 

River  f 1 ows 

( 1 .001 .1, 

3.  Additional  storage  reouired^^^ 

25.8 

10’  '1 

TOTAL  storage  REQUIREMENT. 

1.  Water  guality  control,  water  withdrawals,  and  flood 

control 

806.9 

3.510  4 

2.  Available  in  identified  potential  sltes^3) 

kokS 

’ .F39  2 

3.  Joint  use  storage 

60, 1 

2^1  Q 

4.  Additional  storage  reauired^^^ 

3'*'  .9 

1 .An:  u 

NOTES:  (J)  Storage  capacity  reouirert  to  provide  supple'^**ntal  flows  at  Wey  urban  locations  and  rural  co*^un  i f i i»s  « 

upstream  watersHed  areas. 

(2)  Oe^'aininq  Minor  Tributaries  share  of  storage  reguired  to  reduce  the  Ohio  River  Basin  Standard  '’ror«ct 
flood  to  the  naximum  flood  stage  of  record. 


( 3)  See  figure  0- 1 . 

(U)  Terrain  indicates  storage  sites  are  potentially  available 


TABLE  0-^4 


OHIO  ftlVER.  HINOR  TRIBUTARIES 
SUMMARY  ASSESSMENT  OF  RESOURCE  DEVELOPMENT  REQUIREMENTS 


/■jaitiQoal  RcQut  re^’ tffU  ^ ^ 

1980  2020  (Accu-uidt , vc» 

Provided  in  Capital  Coit  Cap.tal  Cost 

— - _ P-i'03r3'~  Elen^nts  _ Unit  Going  Proorar Anount  (St  .000^ A«ount (Si  .0001 

PART  I.  TO  BE  FURNISHED  BY  IDENTIFIED  RESOURCE  POTENTIAL  WITHIN  SUBBASIN. 

A.  StreamfloM  Control  and  ln«Strea<n  Use 


1.  Storage  for  Increasing  Flows  and 

Furnishing  water  for  Withdrawal  and  Use 

1 ,000  Ac  Ft 

26  8 

10^  2 

18.200 

144.8 

26.200 

2.  Control  of  Flood  Flows 

a.  reservoir  and  detention  storage 

b.  local  protection  projects 

c.  channel  improvement 

1 .000  Ac  Ft 
Miles 
Mi  les 

301*1* 

202.1 

239 

300  7 
U3  3 
UbU 

81  .800 
100.400 
■9.300 

1 .494,4 
81  e 
1.159 

378.900 

216.300 

48,200 

3.  Navigable  Waterway 

a.  improvement  to  existing  waterway 

b.  new  waterway 

c.  channel  deepening  to  12  feet 

Ml les  of  Channel 
Mi les  of  Channel 
Mi  les  of  Channel 

981 

981 

0 

240.000 

0 

981 

961 

240,000 

50.000 

4.  Hydroelectric  Power  - 
Installed  Capaci ty 

Hegawat  ts 

161.3 

816 

91 .800 

(Assessed 
Bas in-wide 

on  a 
Bas is) 

Related  Programs 

1.  Outdoor  Recreat ion 

Mi  1 lion  Recreation 
Days 

11.6 

12.4 

43.500 

40.7 

141 .400 

2.  Watershed  Project  Land  Treatment 
and  Management 

1 ,000  Acres 

822 

1 .213-9 

30.300 

3.219  7 

80 . 500 

REMAINING  REQUIREMENTS. 

COSTS  - 

PART  1 

625.300 

1 .161 .500 

Streamflow  Control  and  In-Stream  Usn^^^ 

1.  Storage  for  Increasing  Flows  and 

Furnishing  Water  for  Withdrawal  and  Use 

1,000  Ac  Ft 

316.1 

80.600 

1 .504.4 

383.600 

2.  Storage  for  Control  of  Flood  Flows 

1 .000  Ac  Ft 

- 

25  8 

6.600 

103.0 

26.300 

3.  Hydroelectric  Power 

(Assessed  on  a Bas 

in-wide  Basi s) 

Related  Programs 

1.  Outdoor  Recreat 

Million  Recreat Ion 
Days 

- 

70.0 

244.400 

195.2 

664,800 

2 . Fish  and  Wildlife 

a.  sport  f i shinq^^) 

b . hunt ing(2) (6j 

c.  commercial  fishery 

Mill  ion  Angler  Days 
Million  Hunter  Days 

251 

3.10 

0 

0 63 

0 

2,200 

(Assessed  on  a Basi 

1 03 
1 02 

i n-wide  Bas i s) 

3.600 

3.600 

Land  Treatment  and  Management 

1.  Lands  Outside  Waiershed  Projects 

I .000  Acres 

- 

1.574  6 

39.400 

4.643  3 

1 1 6 . 1 OP 

2.  Irrigation  (Acres  to  be  Irriga.ed) 

1 ,000  Acres 

5.6 

13  7 

1.300 

Ml. 7 

10.300 

3-  Drainage 

1 .000  Acres 

1 .297 

529  8 

74.200 

686  8 

Vb. 100 

COSTS  - 

PART  2 

448.700 

1 

.324.400 

TOTAL  COSTS  - (PARTS  1 

AND  2) 

1 ,074.000 

2 

.505.900 

NOTES:  (I) 

(2) 

(3) 

(»*) 

(5) 


Requirement  In  addition  to  that  provided  by  going  developnent  programs 

Costs  shown  are  for  Init.al  facilities  and  such  measures  as  may  bp  required  to  cmpler>pnt  the  program  and  do  not  include  water  and  re'ated 
land  cost.  Base  year  I960. 

The  number  of  outdoor  recreation  days  shown  include  some  sport  lishinq  and  hunting  which  could  not  be  separately  accounted  tor  in  ava  table  data 

Land  area  and  costs  shown  are  for  total  land  treatment  and  management  reouirements  >n  watershed  protects  and  cover  both  water  resource 
development  related  and  other  lands 

Specific  sites  to  provide  storage  capacity  for  streamilow  control  are  not  identified,  however,  favorable  storage  sites  are  potent. ally 
aval lable . 


Because  of  population  and  resource  d I st r i hut  ions , remaining  subbasin  requirements  *or  outdoor  recreation,  sport  fishing  and  hunting  not 
satisfied  by  water  resource  developments  may  require  a trade  off  with  adfaceni  subbasms  or  satisfierl  by  other  means 


(6) 
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OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

OHIO  RIVER  AND  MINOR  TRIBUTARIES 

PRINCIPAL 

AAtP  SUPPLY  AATI  R quality  AND  I LOCD 
PROBlIMS 

RtSlRVOlRS  AND  AAURSHED  PROJI>  TS 
/N  GOING  PROGRAV  AN  D PQT  I N T I Ai  > 

. oi»s  Of  > \ »•*’  o«'0  t vt » p v 


PROJECTS  IN  GOING  PROGRAM 


Corps  of  Engineers  Reservoir 
Watershed  Project 

PROBLEM  AREAS 


♦ 


Water  Supply 

Water  Quality 
Major  Flood  Damage 


Cincinnati.  Ohio- 

Mitl  Creek  Lockland.  Ohio  Reading,  Ohio 


WEST  FORK  DUCK  CREEK 


Athens,  Ohio  Logan,  Ohio  Lancaster,  Oh»o 


OHIO  RIVER  BASIN  COMPREHENSIVE  SURVEY 

OHIO  RIVER  AND  MINOR  TRIBUTARIES 
ANALYSIS  SCHEMATIC 


CORPSOf  INGINttRS  U S *RMV 
APPtNDIX  K 


OHIO  RIVER  DIVISION 
FIGURE  0 2 


Washington,  Pa 
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ATTACHMENT  B 


MINERAL  RESOURCES  AND  MINING 
SECTION  I.  INTRODUCTION 

Mineral  resources  and  mining  have  had  a major  impact  on  the  settlement 
and  economic  development  of  the  Ohio  River  Basin.  Consequently,  they  have 
played  an  important  role  in  the  development  of  water  resources  and  will  be 
a major  influential  factor  in  future  water  and  related  land  resource 
developments.  They  are  most  significant  to  the  basin  economy,  water 
supply  needs,  streamflow  quality,  land  reclamation  needs,  water  and 
t ransportat i on , thermal  power  and  reservoir  sites.  This  portion  of  the 
appendix  is  a brief  summary  of  the  mineral  resources  and  mining  and  their 
relationship  to  water  resource  development  in  the  Ohio  River  Basin.  The 
mineral  resources  are  intimately  related  to  geology.  General  bedrock  and 
unconsolidated  sediments  are  delineated  on  plates  3 and  4 of  Appendix  E, 
Ground  Water. 


SECTION  II.  MINERAL  PRODUCTION  AND  ECONOMIC  VALUE 


Total  United  States  mineral  production  in  196^  was  $20,472  billion, 
the  Ohio  River  Basin's  portion  being  approximately  12  percent. 

Coal  is  by  far  the  leading  mineral  product;  it  comprised  about  8 
percent  of  the  value  of  United  States  mineral  production  and  about  68 
percent  of  the  value  of  the  Ohio  River  Basin  mineral  production  in  1964. 

In  addition  to  coal,  the  basin  percentage  of  U.S.  production  of 
various  commodities  in  1964  was:  fluorspar,  27;  clay,  I6.3;  stone,  11.4; 

cement,  10.4;  sand  and  gravel,  7.9;  gypsum,  7;  zinc,  6;  natural  gas  liquids, 

5;  salt,  4.2;  lime,  3-8;  petroleum,  3;  natural  gas,  2.4;  and  lead,  2.3. 

Some  peat,  gem  stones,  abrasive  stones,  iron  ore  (pigments),  barite  and 
silver  also  were  mined. 

Table  B-1 , prepared  by  Area  I,  Mineral  Resources  Office,  Bureau  of 
Mines,  shows  the  1964  production  of  selected  mineral  commodities.  Both 
tonnage  and  value  are  recorded  and,  in  most  cases,  subarea  as  well  as 
total  basin  production  are  reported. 

Actual  and  estimated  values  of  the  basin  1964  mineral  production 
fol lows:  i 

i 

$1,682,846,852*  j 

130,962,018*  j 

78,218,000*  1 

120,647,530  f 

n,946,59(h^  I 

7.744,672 

8.145.000  j 

2,742,250  I 

258,829,000 

97.481.000 

44.023.000 
1 ,750,000 

9.015.000 

1.130.000 

Total  $2,483,753,858  i 

''Actual  values  furnished  by  U.S.  Bureau  of  Mines 


Coal 

Clay 

Stone 

Sand  and  Gravel 
Cement 
Sal  t 
L i me 

Fluorspar 

Gypsum 

Petroleum 

Natural  Gas 

Natural  Gas  Liquids 

Lead 

Z i nc 

M i seel  1 aneous 
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TABLE  B-l 


PRODUCTION  OF  SELECTED 

MINERAL  COMMODITIES 

- 1964 

Clav 

Value 

value 

Short  Tons 

Value 

Value 

A Allegheny 

2,869,000 

$ 4,139,000 

1,052.779 

$ 2.049.054 

763.725 

$ 5.091.142 

27.758.090 

$ 126.642.053 

B Hoisongehele 

173.000 

472.000 

2.774.134 

4.795.026 

(1) 

(1) 

51.068.864 

253,867.861 

C Pittsburgh  SHSA 

(1) 

(1) 

748.821 

1.349.469 

(1) 

(1) 

22.867.346 

133.890.604 

0 Beever 

(I) 

(1) 

(1) 

0) 

642.788 

1.346.280 

4.043,781 

14.439.750 

C Upper  Ohio 

4,5^0.000 

S.97I .000 

25S.267 

503.143 

806.556 

6.115.471 

19.134.828 

75.807,684 

F Huskingum 

6,349.000 

9.263.000 

2.808,702 

6.363.792 

2.463.660 

6.035.567 

20.595,077 

75.613,826 

G Kenewhe^LIttle  Kenewhe 

204,000 

271.000 

5.401 ,597 

8.310.107 

85.462 

170.111 

45.618,256 

216,910.445 

H OhIO'Hunt Ington 

1,528.000 

2.360.000 

1.168.556 

3.677.878 

441 ,785 

2.050.247 

2.496.009 

8.080.840 

1 Scioto 

6,961 ,000 

7.311.000 

5.377.222 

7.503.026 

302.792 

582,631 

78.602 

260.122 

J Guyandotte-BIg  Sandy- 
LI tt le  Sandy 

(1) 

(1) 

<l) 

(1) 

52.460 

348.811 

94.555.565 

452.645.244 

K OhIo-CIncInnatl 

5.91 1 ,000 

7.444.000 

1.098.332 

1 .540.591 

- 

- 

- 

- 

L little  Miami-Great  Miami 

1 1 ,514,000 

12.339.000 

3.598.563 

4.664,951 

(1) 

(1) 

- 

- 

H Lickln9Htentucky-Salt 

- 

- 

6.922.422 

10,154.110 

(1) 

(1) 

15.339.596 

56.821 ,089 

N Ohio-Loul svi 1 le 

3,461 .000 

3.215.000 

7.568.967 

9,596.284 

639.900 

801 .012 

- 

- 

0 Lower  OhIo-EvansvM  le 

2,328,000 

2,355.000 

6.392.784 

7.575.541 

236,888 

526.184 

15,703,421 

56.271.772 

P Green 

(1) 

(1) 

3,968,517 

5,598,542 

- 

- 

32.652.244 

106.179.699 

Q White 

8,663,000 

7.669.000 

10,242.641 

24,421 .196 

936.761 

1 .286.004 

5.833.097 

22.705.728 

R Wabash 

9,794,000 

8.633.000 

6.045.703 

8.562.321 

348.574 

’ 624.448 

10,195.086 

35.703.356 

S Cumberland 

1 .01 1 .000 

1 .620.000 

10,061.284 

12.727.605 

(1) 

0) 

10.952.387 

47,006.579 

Undistributed 

3.306.000 

5.1«;6.000 

6.920.018 

11,569,382 

878. on 

3.295.036 

_ 

TOTAL 

68,612.000 

$78,218,000 

82.409.309 

$130,962,018 

8.599.364 

$28,272,946 

378.892.249 

$1 .682.646.852 

NOTE:  (!)  8re«kdown  on  distribution  of  these  Items  not  evallsbie. 


T/«LE  8-2 


I960 

MINERAL  PRODUCTION 
1964 

- I960.  1964. 
1970 

AND  PROJECTED 
1980 

1990 

2000 

2010 

2020 

GNP 

ei 1 1 ions  of  $ 
1954  Prices 

439.9 

500.9 

626.0 

874.3 

1 .202.8 

1 .677.2 

2.271.2 

3.142.4 

Coal 

Millions  of  Short  Tons 

316.7 

379 

459 

795 

1 .042 

1 .397 

1 .843 

2.764 

Mill  Ions  of  $ 
I960  Prices 

1 .485 

1 .7/8 

2.153 

3.729 

4.887 

6.552 

8.64A 

12.963 

Clay 

Millions  of  Short  Tons 

8.0 

8.6 

9.8 

12.3 

15.6 

20.4 

26.3 

35.0 

Mill  ions  of  $ 
i960  Pri ces 

26 

28 

32 

41 

52 

66 

87 

116 

Stone 

Millions  of  Short  Tons 

70,3 

82.4 

III.1 

166.7 

241 .7 

349.8 

485.3 

684.1 

Ml  1 1 ions  of  $ 
i960  Prices 

108 

127 

170 

257 

372 

539 

747 

1 .054 

Cement 

Thousands  of  376  Lb.  Barrels 

33.384 

36,231 

47.083 

68,659 

97.238 

138.511 

190.169 

266.983 

Mill  Ions  of  $ 
I960  Prices 

113 

123' 

160 

233 

330 

470 

645 

905 

Sand  and  Gravel 

Millions  of  Short  Tons 

56.1 

68.6 

95.3 

144.3 

209.0 

302.7 

419.4 

585.4 

Mill  ions  of  $ 
I960  Prices 

57 

69 

96 

146 

211 

306 

424 

591 

Salt 

Minions  of  Short  Tons 

1 .1 

1.3 

1.5 

2.5 

3.6 

5,3 

7.3 

10.2 

Mill  Ions  of  $ 
i960  Prices 

7 

8 

10 

16 

23 

34 

47 

66 

Lime 

Millions  of  Short  Tons 

.4 

.6 

.8 

1 .2 

1.8 

2.6 

3.6 

5.1 

Mill  Ions  of  $ 
i960  Prices 

5 

8 

1 1 

16 

24 

35 

48 

68 

Petroleum 

Thousands  of  Barrels 

88.755 

65.863 

81.533 

74.303 

67.073 

59.843 

52.613 

45.383 

Ml  1 1 Ions  o'  $ 
i960  Prices 

255 

247 

235 

214 

193 

172 

152 

131 

Natural  Gas 

Millions  of  Cubic  Feet 

388.240 

376,088 

357.860 

327.480 

297.100 

266.720 

236.340 

205.960 

Mi  1 1 Ions  of  $ 
i960  Prices 

54 

53 

50 

46 

42 

37 

33 

29 

Natural  Gas  Liquids 

Mill  Ions  .'f  Cal  Ions 

760 

902 

1,115 

I.M5 

1 .015 

893 

795 

700 

Mill  ions  of  S 
I960  Prices 

43 

51 

64 

64 

59 

51 

45 

-v 

Other  Minerals 

Mill  Ions  of  $ 
i960  Prices 

20 

23 

26 

44 

58 

77 

102 

150 

Total  Basin 
Mineral  Value 

Mil  i Ions  of  S 
i960  Prices 

2.172 

2.515 

3.019 

4.806 

6.251 

8,341 

I0.97M 

16. 113 

SECTION  III.  PROSPECTS  AND  PROBLEMS 


Prospects  appear  good  for  the  basin  to  continue  as  a significant 
mineral  production  area  for  the  next  60  years.  Vast  reserves  of  most 
mineral  commodities  exist  and  many  have  been  explored  and  studied.  In  a 
number  of  areas  the  mineral  rights  to  large  blocks  of  reserves  have  been 
obtained  by  producers,  and  use  patterns  by  industry  have  been  established. 
National  economic  growth  will  increase  mineral  production  throughout  the 
country,  with  a resultant  benefit  to  the  basin. 

Projections  of  future  basin  mineral  production  are  given  in  table  B-2. 
The  projections  are  based  on  1964  production,  the  basin  percentages  of  the 
U.S.  total  for  I960  and  the  projected  total  for  the  nation.  Although  this 
will  not  be  exactly  the  case,  it  is  believed  that  the  basin  is  typical  of 
the  nation  insofar  as  mineral  production  is  concerned  and  that  the  basin's 
percentages  of  National  production  will  remain  relatively  constant.  The 
exceptions  are  petroleum  and  natural  gas  which  showed  a marked  decline  over 
a 25-year  period.  This  same  rate  of  decline  was  projected  to  2020.  Conse- 
quently, for  these  two  minerals  an  estimate  was  made  of  the  percent  of  each 
state's  production  which  came  from  the  basin.  The  average  yearly  rate  of 
decrease  in  production  between  1940  and  1964  for  each  state  was  assumed  to 
continue  to  2020  in  making  projections.  Average  I960  U.S.  prices  were  used 
to  obtain  dollar  values. 

In  1964,  in  addition  to  the  commodities  shown  in  table  B-l,  other 
mineral  production  amounted  to  approximately  .94  percent  of  the  total 
mineral  value.  In  order  to  obtain  a projected  value  for  other  minerals  it 
was  assumed  that  they  would  account  for  .94  percent  of  the  total  during 
the  period  of  projection. 

Table  B-2  cannot  accurately  predict  basin  mineral  production  for  the 
60-year  period.  It  does,  however,  give  an  indication  of  the  magnitude  of 
growth . 

The  following  paragraphs  briefly  cover  the  prospects  and  problems  by 
commod i t i es . 

Coa  I 


In  establishing  high  standards  of  living  and  assuring  continuity  of 
industrial  progress,  energy  has  played  a leading  role.  Of  all  the  fossil- 
fuel  sources,  coal  is  the  most  abundant.  The  U.S.  has  one-third  of  the 
world  coal  reserves.  Nearly  80  percent  of  U.S.  coal  is  bituminous  and  sub- 
bituminous.  In  1964,  the  basin  produced  77-7  percent  of  the  U.S.  total  of 
coal.  All  coal  produced  in  the  basin  was  bituminous  coal  and  semi- 
anthracite. Figure  B-l  shows  the  counties  which  produced  in  1964  and 
those  having  reserves,  but  no  1964  production. 

Coal  is  extracted  from  the  earth  by  underground,  auger,  and  strip 
mining.  Modern  mechanization  has  achieved  high  productivity,  great  safety, 
and  a minimum  of  manual  labor.  After  being  minea,  about  65  percent  of  the 
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coal  is  mechanically  processed  to  remove  impurities  and  crushed  to  sizes 
suitable  for  ultimate  use.  The  coal  may  be  burned  domestically  or  to 
generate  power,  gasified  for  industrial  or  home  use,  or  coked  for  metal- 
lurgical purposes.  The  by-products  from  coking  (gas,  tar  and  light  oils) 
can  be  used  as  such,  or  processed  for  the  chemical  industry. 

The  bituminous  coal  and  lignite  industry  reached  its  peak  production 
in  19^7  when  more  than  63O  million  tons  were  produced  in  the  United  States. 
In  1961,  production  had  dropped  to  403  million  tons,  due  primarily  to 
competition  of  oil,  natural  gas,  and  nuclear  fuels.  As  a result  of  the 
steadily  growing  population  and  increasing  demands  for  thermal  generation 
of  power,  there  has  been  a steady  increase  in  coal  production  since  1961, 
with  the  1965  figure  approximating  507  million  tons.  This  gradual  increase 
is  expected  to  continue.  As  a result  of  technological  research,  it  is 
expected  that  important  new  uses  for  coal  will  be  developed,  including 
conversion  to  liquid  and  gaseous  fuels  at  competitive  cost. 

The  principal  problem  in  relation  to  coal  output  and  consumption  is 
the  development  of  means  to  enable  it  to  compete  more  favorably  with  oil, 
natural  gas  and  nuclear  energy.  The  basic  challenge  is  to  develop  ways  to 
reduce  costs  of  production,  preparation,  and  transportation.  Methods  must 
also  be  found  to  provide  increasing  efficiency  and  greater  convenience  in 
use,  and  in  the  disposal  and  utilization  of  its  waste  oroducts. 

Stone 


This  term  refers  not  only  to  crushed  and  broken  stone,  a basic  con- 
struction, chemical  and  metallurgical  raw  material,  but  also  to  dimension 
stone  used  for  buildings,  memorials  and  other  structures.  Limestone 
accounts  for  about  71  percent  of  total  U.S.  crushed  stone  production. 

Most  dimension  stone  produced  in  the  basin  is  sedimentary  rock.  The 
Indiana  limestone  and  Ohio  sandstone  are  well-known  examples. 

Presently,  dimension  stone  competes  at  a disadvantage  with  an  ever- 
increasing  variety  of  other  building  materials,  largely  because  it  is  more 
costly  to  mine,  prepare,  transport,  and  install.  Additionally,  the  modern 
trend  is  to  construct  buildings  having  a much  shorter  life  expentancy  than 
was  customary  50  years  ago.  There  Is,  however,  a renewed  recognition  of 
stone's  unique  properties  for  ornamentation  and  for  protection  against  the 
weather,  and  demand  for  many  varieties  is  rising.  Dimension  limestone  and 
sandstone  are  used  mainly  for  buildings,  although  quantities  are  still  pro- 
duced for  curbing,  flagging  and  miscellaneous  uses. 

Accelerated  highway,  industrial  and  public  works  construction  are 
major  factors  in  the  increasing  demand  for  crushed  and  broken  stone.  The 
bulk  of  this  production  goes  into  construction  projects;  the  remainder  is 
used  in  cement  manufacture  and  for  chemical,  metallurgical  and  agricultural 
purposes . 

It  is  predicted  that  the  industry  will  continue  to  grow  approximately 
at  the  same  rate  as  the  national  population  and  economy.  Its  growth 
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closely  parallels  trends  in  such  basic  economic  indicators  as  gross 
national  product,  value  of  construction,  and  population.  Reserves  close 
to  market  areas  are  being  depleted  at  a high  rate,  but  adequate  sources  of 
supply  remain  at  progressively  greater  distances  from  consumption  centers. 

The  competitive  position  of  crushed  stone  in  relation  to  sand  and 
gravel,  slag  and  lightweight  aggregates  makes  cost  control  a major 
operating  requisite.  Quality  control  is  also  an  important  factor;  rigid 
requirements  have  produced  many  different  specifications  for  crushed  stone 
for  various  purposes.  Zoning  regulations  continue  to  be  a serious  factor 
because  they  handicap  the  utilization  of  deposits  close  to  metropolitan 
areas  and  require  the  development  of  more  distant  deposits.  Other  perennial 
problems  relate  to  improving  mining  and  processing  techniques  (i.e., 
research  on  blasting  practices  to  reduce  damage  from  vibration),  transpor- 
tation and  exploration  methods  and  equipment. 

Sand  and  Gravel 


U.S.  production  of  sand  and  gravel  has  increased  250  percent  during 
the  past  20  years,  the  volume  exceeding  that  of  any  other  mineral  commodity 
At  the  point  of  production,  more  than  97  percent  is  valued  at  less  than  $2 
per  ton.  Cost  of  transportation  to  distant  markets  may  amount  to  much  more 
than  value  at  the  mine,  and  markets  are  generally  confined  to  within  a few 
miles  of  the  deposits. 

Sand  and  gravel  for  concrete  and  bituminous  aggregate  accounts  for  96 
percent  of  total  production.  The  glass  industry  is  one  of  the  most  impor- 
tant users.  Sand  and  gravel  also  is  used  to  make  molds  for  castings  in 
iron  and  steel  foundries.  Smaller  amounts  are  utilized  for  ceramics,  stone 
sawing,  sand  blasting,  glass  grinding,  stone  polishing,  fillers  in  paints, 
plasters,  and  cements,  abrasive  materials  in  soaps  and  polishing  compounds, 
and  as  filter  sands  in  municipal  water  plants.  The  chemical  industry  uses 
silica  sand  in  the  manufacture  of  sodium  silicate,  silica  gels,  calcium 
silicate  and  in  a wide  variety  of  silicones. 

Some  of  the  problems  of  sand  and  gravel  production,  such  as  low  unit 
value  and  high  transportation  costs  are  universal.  Others,  such  as 
seasonality  of  operation,  influence  of  day-to-day  weather  changes,  stock- 
piling and  reclamation,  disposal  of  waste  water  and  undersized  material, 
changes  in  specifications  and  market  areas,  and  restrictive  zoning 
legislation,  may  be  more  localized. 


Clay  minerals  are  hydrous  aluminum  silicates;  a variety  of  types  are 
found  in  nature.  The  principal  industrial  clays  are  kaolin,  ball,  fire, 
bentonite  and  fuller's  earth.  About  57  percent  of  the  clay  produced  is 
used  in  manufacturing  brick  and  ceramic  and  refractory  products,  3^  percent 
in  producing  cement  and  lightweight  aggregates.  The  remainder  is  used  for 
fillers  and  numerous  miscellaneous  applications. 
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In  the  basin,  the  principal  production  is  fire  clay,  used  for 
ref ractor i es , heavy  construction  products  and  stoneware.  Miscellaneous 
clay  is  used  for  brick,  cement,  lightweight  aggregate,  refractories,  and 
stoneware . 

Production  of  clay  and  shale  for  lightweight  aggregates  will  continue 
to  increase  at  a rate  somewhat  slower  than  in  the  past.  In  some  local 
areas,  the  high-grade  fire  clay  deposits  apparently  are  becoming  exhausted. 
Competition  from  other  refractories  is  increasing  because  of  technological 
changes,  and  because  of  higher  maintenance  and  replacement  costs  of  the 
fire  clay  refractories.  Output  of  clays  and  shales  for  brick,  tile  and 
other  such  construction  products  should  maintain  the  present  level  or 
perhaps  increase  somewhat. 

Geologically,  fire  clays  underlie  many  coal  seams.  Because  of  the 
anticipated  increase  in  strip  mining  in  the  basin,  many  important  clay 
deposits  will  be  exposed,  and  with  proper  planning  could  be  recovered. 

This  may  counteract  somewhat  the  reduction  in  available  reserves  due  to 
exhaustion  of  known  high-grade  deposits  and  might  result  in  lower  clay  pro- 
duction costs.  These  factors,  together  with  continued  research  will,  it  is 
expected,  permit  the  basin  to  continue  producing  the  present  percentage  of 
total  National  clay  production. 

Cement 


Concrete  is  the  most  widely  used  manufactured  construction  material  in 
the  world.  Almost  twice  as  much  concrete  is  used  in  the  U.S.  as  all  other 
mineral  structural  materials  combined. 

Basin  reserves  of  raw  materials  for  Portland  cement,  including  fuels 
required  for  cement  production  are  adequate  for  many  years.  Quarries  now 
providing  material  to  some  plants  may  be  exhausted,  but  additional  reserves 
of  limestone  and  shale  are  available  to  replace  them. 

New  production  machinery  and  methods  have  constantly  lowered  cement 
production  costs.  At  the  same  time,  more  rigorous  specifications  for 
cement  and  more  varied  consumer  tastes  and  needs  have  proliferated  special 
types  on  the  market.  New  automated  bulk  transportation  equipment  and  local 
market  distribution  centers  permit  the  industry  more  flexibility  in  meeting 
customer  needs. 

Continued  growth  of  the  cement  industry  is  forecast  as  population 
increases  generate  a need  for  more  highways,  schools,  dams,  housing  and 
industrial  plants.  Some  recent  stimulants  to  the  cement  industry  are  the 
introduction  of  prestressed  concrete,  soil-cement  paving,  thin-shell  canti- 
levered concrete  roofs,  sculptured  and  exposed-aggregate  panels,  light- 
weight concrete,  expansive  cement,  precasting,  slip-form  casting  and  factory- 
built  modular  units.  Continued  technological  innovations  will  hold  the  cost 
of  concrete  at  favorable  levels  in  relation  with  competitive  building 
materials. 
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Sal  t 


Sodium  and  chlorine,  supplied  primarily  by  salt,  are  essential  to 
modern  man.  Sodium  compounds  are  used  in  the  preparation,  processing  or 
production  of  many  things  he  eats,  drinks,  touches  and  sees. 

Nationally,  salt  is  produced  by  conventional  and  solution  mining, 
recovering  natural  brines,  and  evaporation  of  saline  lake  and  sea  water. 

In  the  basin,  practically  all  salt  is  produced  by  solution  mining,  pumping 
fresh  water  into  underlying  rock  salt  beds  and  recovering  the  artificial 
brine.  Salt  reserves  are  vast  and  pose  no  supply  problems. 

The  chemical  industry  is  the  largest  consumer  of  salt,  using  two-thirds 
of  the  U.S.  output.  Quantities  are  also  used  for  road  stabilization,  high- 
way snow  and  ice  removal,  regeneration  of  water  softeners  and  domestic  use. 

Problems  of  the  industry  are  chiefly  those  of  maintaining  or  lowering 
production  and  marketing  costs  so  that  salt  may  continue  as  a high-volume, 
low-unit-cost  commodity.  Other  problems  relate  to  the  corrosive  nature  of 
salt  solution  on  plant  equipment  and  on  vehicles  and  roads  when  it  is  used 
for  snow  and  ice  removal.  The  salt  may  be  flushed  into  the  watercourses 
causing  pollution  problems. 

Lime 


The  production  of  lime  and  magnesium  lime  in  the  basin  is  from 
limestone  and  dolomite  (calcium  magnesium  carbonate).  Calcination  of  these 
materials  at  moderately  high  temperatures  releases  carbon  dioxide  gas  and 
leaves  behind  a solid  residue  of  quicklime  or  calcined  dolomite.  Addition 
of  water  to  quicklime  causes  rapid  hydration  to  calcium  hydroxide,  or 
hyd rated  lime. 

Quicklime  and  hydrated  lime  is  required  in  larger  quantities  to  satisfy 
the  growing  needs  of  modern  civilization.  To  the  few  original  uses  in 
building  and  agriculture  have  been  added  thousands  of  chemical  and  indus- 
trial uses.  Most  quicklime  and  hydrated  lime  enters  into  chemical  and 
industrial  applications.  Smaller  quantities  are  employed  in  construction 
in  mortar  and  plaster,  used  in  construction  in  soil  stabi 1 i zat ion , and  in 
agriculture  as  a soil  neutralizer  and  conditioner. 

Many  problems  are  encountered  in  quarrying,  calcining,  hydrating, 
storing,  handling  and  transporting.  At  some  operations  collecting  and 
utilizing  pulverized  limestone  waste,  using  by-product  carbon  dioxide  and 
recovering  or  disposing  of  lime  sludge  are  problems.  Attention  is  being 
directed  toward  the  improvement  of  kiln  design  and  determining  the 
fundamental  nature  and  properties  of  lime  itself. 

Petroleum  and  Natural  Gas 


The  petroleum  and  natural  gas  industry  has  experienced  phenomenal 
growth  in  recent  years  and  now  supplies  three-fourths  of  all  our  fuel 
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; energy  needs.  The  U.S.  has  only  about  10  percent  of  present  worldwide 

' reserves,  however,  and  the  industry  therefore  has  been  working  diligently 

to  improve  its  economy.  Research  efforts  are  under  study  on  technical 
I problems  covering  the  entire  range  of  oil  and  gas  activities.  Improvement 

of  production  methods  is  a major  study  area.  On  the  average,  only  30  to  35 
I percent  of  the  oil  discovered  is  recovered  before  the  economic  limit  is 

^ reached.  Likewise,  numerous  petroleum  resources  are  submarginal  economically 

J and  cannot  be  produced  with  present  technology.  Among  the  innovations  for 

i oil  recovery  are  several  secondary  recovery  methods  to  supplement  water 

! flooding. 

Drilling  and  producing  costs  have  been  increasing  due  largely  to  the 
fact  that  the  average  depth  of  producing  wells  is  becoming  greater.  Indi- 
vidual segments  of  drilling  costs  have  increased  only  slightly;  but  as  wells 
go  deeper,  their  cost  is  greater.  The  industry  is  confronted  with  larger 
exploration  expenditures  which  have  contributed  to  the  upward  trend  in  the 
cost  of  finding  domestic  crude  oil.  But  the  major  reason  for  increased  unit 
exploration  costs  is  that  most  of  the  new  discoveries  are  small  oil  and  gas 
accumulations  and  consequently  the  industry  is  paying  more  to  discover  less. 

Oil  production  in  the  basin  declined  18  percent  and  gas  production  17 
percent  in  the  25  years  from  19^0  to  196^-  This  decline  occurred  while 
demand  for  oil  and  gas  was  increasing  at  a rate  of  about  six  percent  each 
year.  Demand  was  met  by  importing  both  oil  and  gas  into  the  basin, 
primarily  by  pipeline  and  barges. 

Natural  Gas  Liquids 

Some  underground  gas  reservoirs  contain  hydrocarbons  which  condense  as 
pressure  is  released,  forming  natural  gas  liquids.  From  such  reservoirs, 
these  extractable  constituents  range  in  amount  from  10  to  75  barrels  per 
million  cubic  feet  of  gas. 

In  recent  years  in  the  United  States  and  in  the  Ohio  River  Basin,  use 
of  such  liquids  has  been  increasing  and  1964  basin  production  was  valued  at 
’ approximately  44  million  dollars.  As  production  of  oil  and  gas  in  the  basin 

t continues  to  decline,  it  is  expected  that  use  of  natural  gas  liquids  will 

[ first  reach  a maximum  and  then  its  production  will  decline  with  decline  of 

natural  gas  production.  Production  of  natural  gas  liquids  in  both  Illinois 
; and  Pennsylvania  already  had  declined  between  I960  and  1964.  In  the  pro- 

, jection  for  the  basin,  the  1960-64  rate  of  increase  was  extended  to  1970; 

i the  1970  rate  of  production  was  anticipated  from  1970  to  I98O;  and  beyond 

■ 1980,  it  is  believed  production  will  decrease  at  about  the  same  rate  as 

. natural  gas  production. 

Other  Mineral  s 


Fluorspar,  or  fluorite,  is  produced  in  Hardin  and  Pope  Counties, 
Illinois,  and  Livingston  and  Crittenden  Counties,  Kentucky,  all  in  the  Lower 
Ohio-Evansvi I le  Basin  subarea.  Most  of  the  United  States  production  of 
fluorspar  comes  from  this  area  and  most  of  the  domestic  reserves  are  here. 
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Fluorspar  is  used  in  the  steel,  glass  and  enamel  industries,  and  for  the 
manufacture  of  aerosols,  refrigerants,  plastics  and  hydrogen  fluoride. 

United  States  consumption  far  exceeds  production  and  more  than  half  the 
fluorspar  is  imported.  Since  there  are  presently  no  adequate  substitutes 
for  fluorspar  to  manufacture  fluorine,  the  outlook  is  that  the  consumption 
in  the  basin  should  increase  at  the  present  rate  or  more  rapidly.  One  of 
the  industry  problems  is  the  need  to  pump  large  quantities  of  water  from 
the  mines,  thus  adding  substantially  to  production  costs. 

Gypsum  is  mined  in  Martin  County,  Indiana,  in  the  White  Basin  subarea. 
Plaster  made  from  gypsum  is  one  of  the  oldest  building  materials  and  its 
use  continues  to  grow.  Consumption  is  closely  related  to  fluctuations  in 
the  building  construction  field.  As  population  grows,  requirements  for 
buildings  will  grow  and  the  need  for  gypsum  will  increase.  Large  deposits 
of  gypsum  occur  in  various  parts  of  the  U.S.,  but  basin  production  is 
expected  to  keep  pace  with  the  economy  and  production  of  other  mineral 
commod 1 ties . 

Moderate  amounts  of  lead  and  zinc  are  produced  in  Wythe  County, 
Virginia,  and  additional  deposits  may  be  found  in  some  surrounding  counties. 
A little  lead,  zinc  and  silver  are  also  produced  in  connection  with  fluor- 
spar mining  in  Kentucky  and  Illinois. 

Some  barite  was  produced  in  iSSk  in  Crittenden  County,  Kentucky,  and 
some  iron  ore  pigment  in  Pulaski  County,  Virginia. 

Indiana,  Illinois,  Ohio  and  Pennsylvania  all  produced  peat  in  196^. 

Minor  amounts  of  abrasive  stone  and  some  gem  stones  were  also  found. 
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SECTION  IV.  WATER  NEEDS  RELATED  TO  MINING  AND  THE  MINERAL  INDUSTRY 

The  mineral  industries  of  the  Ohio  River  Basin  used  over  300  billion 
gallons  of  water  in  1962.  Presently,  64  percent  of  the  bituminous  coal 
produced  in  the  United  States  is  washed  and  processed  before  delivery. 

Some  86  percent  of  the  sand  and  gravel  produced  is  processed.  Large  quanti- 
ties of  water  are  used  in  the  petroleum  and  natural  gas  industries  for  well 
drilling,  for  secondary  recovery  operations  and  for  natural  gas  processing. 
In  the  salt  industry,  fresh  water  is  pumped  into  the  rock  salt  formations 
and  the  brines  produced  are  recovered.  The  crushed  stone  industry  requires 
water  in  its  processing  procedures.  Minor  amounts  of  water  are  used  in  the 
lime,  cement  and  clay  industries. 

Detailed  information,  however,  on  water  use  by  various  segments  of  the 
mineral  industry,  particularly  on  a basin-wide  basis,  is  difficult  to 
obtain.  The  following  tabulations  provide  summary  information  on  water  use: 

Water  Use  Per  Ton  of  Crude  Material  Handled 
(Selected  Commodities.  U.S.  Totals).  1962  (1) 


Gallons  of  Water  Per  Ton  of  Crude  Material 

Commodi  ty New fteci  rculated  Total Discharge  Consumed 


Bituminous  Coal 

102 

445 

547 

84 

18 

Sal  t 

3.617 

1 ,101 

4,718 

2,752 

865 

Sand  and  Gravel 

325 

183 

508 

308 

17 

Stone 

83 

26 

109 

77 

6 

Water  Use  in  the  Ohio  River  Basin,  1962  (1) 
(Mi  1 1 ions  of  Gal  Ions) 


Mineral* 
1 ndustrv 

Petroleum  and  Natural 
Gas,  Wei  1 Drilling, 
Secondary  Recovery  and 
Natural  Gas  Processing 

Total 

New  Water  Input 

66,110 

23,018 

89,128 

Reel rculated  Water 

161 ,627 

50,182 

21 1 ,809 

Total  Water  Usage 

227,737 

73,200 

300,937 

Water  Discharge 

58,251 

13,951 

72,202 

New  Water  Consumed 

7,859 

9,436 

17.295 

*Chiefly  bituminous 

coal , salt,  sand , 

gravel  and  stone. 

In  considering  future  water  needs,  it  must  be  kept  in  mind  that  not 
only  will  larger  quantities  of  various  mineral  commodities  be  produced,  but 
also  that  a greater  percent  of  those  produced  will  require  processing.  As 
the  economy  grows  and  more  minerals  are  required,  i t wi 1 I be  necessary  to 
use  lower-grade  ores  which  require  more  processing  to  get  a ton  of  usable 
material.  At  the  same  time,  users  will  be  requiring  higher  quality  products. 
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By  1985,  it  is  anticipated  that  75  percent  of  the  coal  produced  and 
95  percent  of  the  sand  and  gravel  produced  will  be  processed.  Crushed 
stone  probably  will  require  more  total  water  as  specifications  are  improved, 
while  salt,  cement,  clay  and  lime  will  use  about  the  same  amount  per  ton 
produced.  As  petroleum  and  natural  gas  production  declines  in  the  basin, 
less  water  may  be  used  for  gas  processing,  but  more  may  be  required  for  the 
secondary  recovery  of  oil,  thus  indicating  a usage  in  I98O  similar  to  that 
of  the  present. 


The  following  tabulation  is  a summary  of  projected  mineral  industry 
water  use  based  on  the  assumption  that  most  of  the  water  will  continue  to 
be  used  by  the  coal,  salt,  sand  and  gravel,  stone  and  petroleum  and  natural 
gas  industries.  Utilizing  presently  available  data,  this  summary  was  pre- 
pared to  indicate  the  order  of  magnitude  of  water  use  by  the  mineral  industry 


Mineral  Industry  Water  Use  in  the  Ohio  River  Basin 
(Mi  1 1 ions  of  Cal  Ions) 


1962 1980 2000 


New  Water  89,128 
Discharged  Water  72,202 
Consumed  Water  17,295 


186,367  355,631 
157,750  307,590 
28,986  48,410 


2020 


691 ,180 
602,547 
89,002 
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SECTION  V 


WATER  PROBLEMS  CREATED  BY  MINING 


As  mining  activity  increases  in  the  basin,  the  quantity  of  water 
consumed  will  increase.  Furthermore,  the  water  not  consumed  but  used  by 
the  industry  and  then  discharged  can  cause  problems. 

Presently  65  percent  of  the  bituminous  coal  production  of  the  nation 
is  processed.  This  requires  an  average  of  102  gallons  of  new  water  for  each 
ton  processed.  Of  this  quantity,  18  gallons  are  consumed  and  84  discharged. 
Coal  impurities  such  as  rock,  ash-forming  material  and  sulphur-bearing 
components  are  carried  by  the  discharge  and  are  potential  causes  of  pollu- 
tion unless  the  water  is  treated  before  discharge.  By  1985,  when  coal 
production  in  the  basin  may  be  three  times  the  I960  amount,  it  is  estimated 
that  some  75  percent  of  the  production  will  be  processed,  indicating  a 
considerable  increase  in  the  quantities  of  water  from  coal  processing  plants 
which  wilt  need  treatment. 

At  present,  the  most  serious  water  problem  created  by  mining  in  the 
basin  is  acid  mine  water.  This  water  drains  primarily  from  abandoned  coal 
mines,  although  some  active  coal  and  clay  mines  also  may  produce  it.  This 
problem  is  discussed  in  connection  with  water  quality  control  needs  in  this 
appendix  and  in  greater  detail  in  Appendix  D. 

In  1962,  some  86  percent  of  the  United  States  sand  and  gravel  production 
was  processed.  Of  the  325  gallons  of  new  water  required  per  ton,  17  gallons 
were  consumed  and  308  discharged.  The  discharge  from  sand  and  gravel  pro- 
cessing carries  varying  amounts  of  fine  material,  depending  on  the  composi- 
tion of  the  deposit  being  worked,  and  these  finer  materials  can  cause  serious 
siltation  problems  unless  removed  in  settling  ponds  before  discharge  of 
water.  In  1985,  when  sand  and  gravel  production  may  be  three  times  the  1962 
rate,  it  is  expected  that  95  percent  will  be  processed. 

Similar  problems  exist  in  the  crushed  stone  industry  where  83  gallons 
of  new  water,  6 of  which  are  consumed  and  77  discharged,  are  required  for 
each  ton  produced.  Here  again  it  is  the  finer  material  which  generates  the 
difficulty. 

In  the  salt  industry,  3.617  gallons  of  new  water  are  required  for  each 
ton  of  production.  Of  this,  865  gallons  are  consumed  and  2,752  discharged. 
Serious  stream  pollution  can  and  has  occurred,  if  the  process  water  is  not 
properly  treated  before  release. 

In  the  drilling  of  oil  and  gas  wells,  salt  brines  often  are  encountered. 
These  and  other  oil  field  wastes  cause  serious  water  pollution  problems  if 
not  properly  contained. 


SECTION  VI.  RELATIONSHIP  OF  MINING  TO  OTHER  WATER 
AND  LAND  RESOURCE  ACTIVITIES 

Surface  mining  of  coal,  clay,  sand,  gravel  and  stone  relates  closely 
to  water  problems.  This  method  of  mining  coal  involves  many  acres  of  the 
surface  of  the  basin.  Presently,  more  than  30  percent  of  the  U.S.  bitumi- 
nous coal  production  is  produced  by  this  method,  and  in  Ohio,  it  is  used  to 
mine  70  percent  of  the  coal. 

Changes  in  rate  of  streamflow,  rate  of  erosion  and  siltation  and  in 
acidity  can  all  be  regulated  by  proper  watershed  management.  A virtual 
wasteland  can  be  produced  through  mismanagement.  This  problem  is  discussed 
at  some  length  in  Appendix  F. 

Surface  subsidence  due  to  underground  mining  is  a problem  which  can 
have  an  affect  on  water  and  related  land  resource  planning.  Many  abandoned 
underground  mines,  particularly  those  close  to  the  surface,  have  carried 
surface  subsidence.  In  some  coal  mining  plans,  after  regular  mining  has 
been  completed  the  supporting  pillars  are  systematically  removed,  increasing 
the  amount  of  coal  recovered  but  sometimes  causing  surface  cracking  and 
settling.  Similarly,  some  surface  areas  where  underlying  salt  has  been 
solution  mined  are  reported  to  have  subsided.  The  possibility  of  such  sur- 
face weakness  should  be  thoroughly  investigated  where  dams,  locks  and  other 
water  control  structures  are  contemplated  in  mining  areas. 

Damage  due  to  noise,  vibration,  and  dust,  and  the  presence  of  heavy 
trucking  are  problems  of  the  stone,  sand  and  gravel,  lime  and  cement  indus- 
tries. Many  times,  as  a result  of  one  or  more  of  these,  restrictive  zoning 
forces  these  industries  to  move  farther  from  their  markets,  thus  increasing 
production  and  delivery  costs. 

Long-range  planning  and  proper  zoning  which  would  permit  and  encourage 
the  removal  of  minerals,  and  the  reclamation  of  the  land  before  urbanization, 
might  aid  in  the  solution  of  some  of  these  industry  problems. 

Another  facet  of  the  mining  problem  concerns  cost  of  transportation. 
Because  of  the  low  unit  value  of  the  products,  many  cement,  sand  and  gravel, 
stone,  and  coal  producers  locate  on  water  transportat ion  routes.  This  is 
particularly  true  if  the  markets  are  located  on  such  arteries. 

Some  transportation  cost  problems  are  being  reduced  by  the  use  of  the 
unit-train,  which  is  the  shipping  of  an  entire  trainload  of  a product  from 
one  producer  to  one  customer.  Research  is  also  under  way  on  integral  trains. 
These  will  be  long  trains  of  larger  cars  for  which  special  types  of  loading 
and  unloading  facilities  will  be  used.  These  transportation  innovations 
should  be  considered  in  comprehensive  water  planning,  since  the  location  of 
dams  and  reservoirs  often  affects  railroads  involved  in  mineral  transporta- 
tion. Longer  hauling  routes  may  be  feasible  in  the  future. 

Another  form  of  transportation  which  is  of  vital  economic  importance 
is  the  vast  network  of  oil  and  gas  pipelines.  Since  the  basin  now  produces 
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only  a small  portion  of  the  oil  and  gas  it  consumes,  these  pipelines  are 
lifelines  of  the  economy  of  many  areas.  Their  locations  affect  economic 
growth.  Pipelines  may  conflict  with  potential  water  resource  development 
sites  necessitating  high  relocation  costs. 
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PREFACE 


This  study  reviews  the  significant  historical  and  archeological 
themes  relevant  to  the  area  encompassing  the  Ohio  River  drainage  system. 
It  does  not  present  a list  of  historic  sites  nor  is  it  a general  history 
of  the  area.  Rather  it  is  a survey  of  nationally  significant  historic 
themes  in  terms  of  specific,  related  land  and  water  areas  which,  the 
National  Park  Service  believes,  should  be  explored  in  greater  detail  and 
perpetuated  in  some  manner. 

The  Prehistoric  Period,  from  roughly  15000  B.C.,  is  dealt  with 
basin-wide.  Most  of  the  sites  of  the  Historic  Era  are  grouped  into 
four  main  geographic  areas:  Western  Pennsylvania,  South-Central  Ohio 

(which  includes  portions  of  Kentucky  and  West  Virginia),  Western  Ohio, 
and  Central  Indiana  (the  Wabash  drainage  area).  See  figure  C-1 . The 
study  of  each  of  these  areas  examined  ten  historic  themes;  Early 
Exploration  and  Settlements,  the  Advance  of  the  Frontier,  Early  Political 
Affairs,  Transportation,  Social  Movements,  Industry,  Science  and  Inven- 
tion, Education,  the  Civil  War,  and  Political  Affairs  (1865-1912).  No 
main  geographic  area  contains  examples  of  all  ten  themes. 

Local  history  is  not  considered  in  this  study. 
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SUMMARY 


Rivers  have  always  played  a major  role  in  history;  the  Ohio  is  no 
exception.  It  has  a significant  story  to  tell,  a story  that  is  an 
integral  part  of  our  nation's  heritage. 

The  story  begins  with  the  archaic  successors  of  the  Paleo-Indians 
and  the  moundbu i 1 ders  that  followed  them.  So  far  as  these  people  are 
concerned,  the  entire  Ohio  Basin,  but  especially  the  Scioto  River 
drainage  in  the  State  of  Ohio,  can  be  termed  the  archeological  part  of 
prehistoric  America.  No  significant  stream  in  that  State  is  without 
archeological  sites,  often  of  the  first  magnitude  of  importance.  The 
most  spectacular  are  the  Hopewell ian  geometrical  earthworks  and  funeral 
mounds  (600  B.C.  to  600  A.O.).  Next  are  the  earthworks  of  the  proto- 
historic  Fort  Ancient  culture,  directly  preceding  the  historic  Shawnee 
and  related  tribes.  These  significant  sites  should  be  carefully 
conserved. 

Historic  Indians  and  early  Europeans  both  used  the  Ohio  River  as 
their  major  transportation  artery.  Its  strategic  importance  led  to  the 
French  and  Indian  War  and  gained  the  river  for  the  English.  In  1/83 
the  Ohio  River  Basin  became  part  of  the  United  States.  When  the  North- 
west Territory  - the  territory  northwest  of  the  Ohio  - was  opened  to 
settlement  in  1787,  the  Ohio  was  the  route  for  the  flood  of  settlers 
who  poured  into  the  new  lands  of  mid-America. 

Commercial  transportation  on  the  Ohio  River  was  seriously  impeded 
in  the  19th  century  - by  lack  of  canalization  and  by  the  completion  of 
the  great  canal  building  era  of  the  early  iSOO's,  together  with  the 
extensive  railroad  construction  that  followed  - but  today  commercial 
traffic  is  steadily  rising.  The  colorful  era  of  the  steamboat  was  born 
on  the  Ohio  River  and  had  its  heyday  here  in  the  mid-19th  century. 

Progress  has  changed  the  Ohio  River's  appearance.  It  will  never 
again  appear  as  it  did  to  La  Salle  when  he  first  saw  It  in  1669.  But 
every  effort  should  be  made  to  retail  those  vestiges  of  our  heritage 
which  this  great  waterway  helped  create. 
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THE  PREHISTORIC  PERIOD  IN  THE  OHIO  RIVER  DRAINAGE 


(15000  B.C.  - 1700  A.D.) 


After  the  last  glacial  advance  withdrew  northward  from  central  North 
America,  the  cool,  moist  climate  provided  lush  grass  and  forests  that  in 
turn  supported  large  animals  such  as  the  mammoth,  giant  bison,  musk  ox, 
mastodon  and  the  giant  ground  sloth.  In  search  of  these  game  animals  came 
hunting  bands  of  aborigines  known  as  the  "Pal eo- Indi ans . " 

When  the  Pal eo- 1 nd  ians  first  arrived  in  the  Ohio  Valley  is  not  yet 
established.  But  by  8,000  years  ago  they  roamed  this  great  drainage  sys- 
tem leaving  campsites  with  ephemeral  evidence  other  than  their  remarkably 
well  made  flaked  chert  and  calcedony  spears  and  knives  and  the  occasional 
remains  of  a kill.  With  the  exception  of  a skull  of  a girl  found  in 
Brown's  Valley,  Minnesota,  the  identity  of  these  hunting  peoples  is  known 
only  by  reference  to  the  classification  and  occurrence  of  these  artifacts. 

No  burials  of  the  Pal eo- Ind ians  have  been  discovered  in  the  Ohio  River 
Bas in . 

With  the  development  of  the  "A1 t i thermal " climate  of  today,  i.e.,  the 
period  of  high  temperatures,  relative  to  the  preceding  cool  era,  the 
inhabitants  of  the  Ohio  River  Basin  came  to  depend  upon  the  fauna  that 
characterized  the  environment  - deer,  game  birds  and  many  small  game 
animals.  The  Pal eo- Ind ians  began  to  depend  on  seeds,  fruit,  tubers  and 
roots  to  supplement  their  meat  diet. 

During  the  "Archaic  Cultural  Era"  that  followed  the  big  game  hunters, 
between  7000  and  5000  B.C.,  the  Indian  camps  became  semi -permanent.  The 
warmer  temperatures  and  the  reduced  water  flow  over  the  riffles  or  shoal 
areas  of  the  Tennessee,  Green  and  Kanawha  Rivers  was  an  ideal  habitat  for 
freshwater  clams  and  mussels.  Along  these  tributaries,  shellfish  became 
an  increasingly  important  food  source. 

For  the  next  4,000  years,  most  of  the  Indians  of  this  drainage  system 
followed  a seasonal  round  of  activities,  having  several  established  camp- 
sites and  spending  part  of  the  year  in  each,  depending  on  what  local  food 
supply  was  in  season.  At  some  shellfish  campsites,  by  living  on  their 
garbage  dumps,  the  Indians  accumulated  as  much  as  42  feet  of  debris.  This 
was  a local  condition,  however;  most  sites  had  no  appreciable  depth. 

About  1000  B.C.  a wide  diversity  of  regional  cultures  came  into  exist- 
ence, brought  about  by  increased  population,  dependence  upon  local  resources 
and  an  improved  technology.  At  least  one  group,  the  Adena  of  southern  Ohio 
and  central  Kentucky,  began  the  cultivation  of  sunflowers  and  cucurbits. 

The  most  important  development  of  this  period  was  the  appearance,  shortly 
after  1 A.D.,  of  maize  among  the  Hopewell. 
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During  this  period  a new  burial  practice  was  introduced  - the  con- 
struction of  mounds  over  the  graves.  It  reached  its  culmination,  in  a 
religious  fluorescence  we  call  Hopewell,  about  300  B.C.  with  major 
centers  in  the  Scioto  drainage  and  southern  Illinois  and  spread  rapidly 
through  most  of  the  area  north  of  the  Ohio  River,  The  practice  gradually 
disappeared,  spreading  south  of  the  Green  River  about  300  A.D.,  and 
lasting  longest,  perhaps,  in  eastern  Tennessee  and  the  upper  Ohio  area. 

Sometime  prior  to  1000  A.D.  a totally  new  way  of  life  developed, 
characterized  by  improved  maize  agriculture,  large  towns,  pyramidal 
temple  mounds,  wattle  and  daub  house  construction  and  new  techniques  of 
pottery  manufacture.  The  bow  and  arrow  preceded  this  development  in 
some  drainages  by  a couple  of  hundred  years,  but  cannot  be  considered 
part  of  it. 

In  the  southwestern  portions  of  the  Ohio  drainage  system,  this  major 
development  may  have  been  accompanied  by  an  influx  of  emigrants.  There 
is  good  reason  to  associate  these  developments  with  Meso-America;  the 
morphological  similarities  between  the  areas  are  great.  The  actual  pro- 
cess by  which  the  Meso-Amer i can  got  here  has  not  been  worked  out. 

In  the  more  eastern  portions  of  the  drainage  system,  the  new 
development  was  brought  about  by  the  introduction  of  new  ideas.  As  this 
development  moved  up  the  Ohio  and  its  side  drainages,  it  was  absorbed 
into  the  existing  ways  of  life.  By  the  time  it  reached  the  Monongahela 
it  had  little  effect  on  the  Indian  way  of  life,  other  than  in  maize 
agriculture.  Large  villages  were  rare  above  the  Kanawha  River;  temple 
mounds  and  wattle  and  daub  house  construction  were  rare  above  the  Falls 
of  the  Ohio  (present-day  Louisville,  Kentucky). 

Historic  tribes  in  the  Ohio  River  drainage  system  include  the  Chero- 
kee in  the  upper  Tennessee  drainage,  the  Creek  in  the  middle  Tennessee 
drainage,  the  Chickasaw  in  the  lower  Tennessee  drainage,  the  Illinois 
north  of  the  lower  Ohio  River,  and  the  Shawnee  in  the  central  Ohio  River 
drainage.  In  the  late  17th  century  the  Miami  moved  in  west  of  the  Shawnee. 


Important  Prehistoric  Indian  Sites 


5000  B,C.  - 1000  B.C.  Two  important  sites  of  this  period  are  Indian 
Knol 1 (Green  River)  and  St.  Albans  (Kanawha  River).  Both  are  on  private 
lands,  are  undeveloped,  but  have  been  extensively  excavated. 

1 000  B.C.  - 1 000  A. D.  Major  sites  of  this  period  include  Mound  City, 
Hopewell  and  Hopeton  (Scioto  River);  Fort  Ancient,  Fort  Hill  and  Serpent 
Mound  (Little  Miami  River);  Newark  (Muskingum  River);  Grave  Creek  (upper 
Ohio  River);  and  Adena  Park  (Kentucky  River). 
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Mound  City  Group  is  a National  Monument  preserved  by  the  National 
Park  Service.  Fort  Ancient,  Fort  Hill,  Serpent  Mound  and  a part  of 
Newark  are  Ohio  State  Memorials.  Part  of  Newark  is  a city  park.  Grave 
Creek  is  a West  Virginia  State  Park.  Adena  Park  is  preserved  by  the 
University  of  Kentucky,  Only  Hopewell  and  Hopeton  are  on  private  land 
and  are  undeveloped.  Only  three  of  these  sites  have  not  been  extensively 
excavated:  Hopeton,  Fort  Hill  and  Newark. 

1 000  A. D.  - 1700  A. D.  The  most  notable  sites  of  the  southwestern  portion 
still  preserved  are  Angel  and  Kincaid,  both  on  the  lower  Ohio  River,  and 
Wycliff  at  the  mouth  of  the  Ohio  River. 

Angel  Site  is  an  Indiana  State  Memorial,  and  has  been  extensively 
excavated.  Kincaid  Site  is  owned  by  the  Metropolis  City  National  Bank 
of  Metropolis,  Illinois,  and  has  been  extensively  excavated.  Wycliff 
State  is  owned  by  the  Baptist  Hospital  of  Paducah,  Kentucky,  and  has 
been  extensively  excavated. 

Prominent  sites  of  the  more  eastern  portions  are  Buffalo  (Kanawha 
Ri’  'r''j,  Madisonville  (Little  Miami  River)  and  Fox  Farm  (central  Ohio 
River).  All  are  on  private  lands,  remain  undeveloped  but  have  been 
extensively  excavated. 

Hi stori c Tr i bes . Important  sites  of  this  period  are  Logstown  (upper  Ohio 
River),  Lower  Shawneetown  (mouth  of  the  Scioto  River)  and  Esk i p i p i theki 
(Kentucky  River).  None  of  these  sites  has  been  preserved;  a portion  of 
Lower  Shawneetown  has  been  excavated  by  the  University  of  Kentucky. 
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THE  WESTERN  PENNSYLVANIA  GEOGRAPHIC  AREA 


This  area  centers  on  the  Allegheny,  Monongahela  and  upper  Ohio  Rivers. 
There  are  no  significant  prehistoric  Indian  sites,  even  though  the  area  was 
heavily  populated  in  prehistoric  times.  The  site  of  Logstown,  an  important 
Indian  village  of  historic  tribes,  was  located  on  the  Ohio,  just  north  of 
Pi ttsburgh. 

Early  Explorers  and  Settlements.  Early  English  explorers  and  traders  from 
Virginia  and  Pennsylvania  came  into  the  Ohio  Basin  through  the  Monongahela 
Valley  and  down  the  Ohio  River.  Land  companies,  such  as  the  Ohio  Company 
and  the  Loyal  Company,  were  formed  and  granted  large  tracts  in  the  Ohio 
Valley  by  colonial  assemblies.  With  this  added  incentive,  the  British 
colonists  pressed  even  more. 

The  French,  who  had  earlier  entered  the  basin,  but  favored  the  Maumee- 
Wabash  River  routes,  saw  the  increase  of  English  traders  as  a real  threat 
to  their  interests  in  the  lower  Ohio  and  the  Missouri.  By  mid-eighteenth 
century,  they  had  established  a series  of  forts  in  western  Pennsylvania, 
at  Erie,  Waterford  and  Franklin.  The  pressing  of  the  English  resulted  in 
the  French  and  Indian  War,  ending  with  a decisive  English  victo»"y  in  1763, 
and  opening  the  region  to  English  colonists. 

The  Commonwealth  of  Pennsylvania  has  established  an  historic  site  at 
Waterford  (Fort  Le  Boeuf);  the  City  of  Pittsburgh  is  in  the  process  of 
restoring  Fort  Pitt.  Military  aspects  of  the  French  and  Indian  War  are 
adequately  covered  at  Fort  Necessity  National  Battlefield  Site,  a unit  of 
the  National  Park  System. 

T ransportat ion.  By  1833,  the  Cumberland  (or  National)  Road  had  been  com- 
pleted through  this  area  and  on  to  Wheeling,  West  Virginia.  A toll  house, 
near  Uniontown,  Pennsylvania,  is  a site  of  exceptional  value  along  this 
road. 

Social  Movements.  The  most  significant  of  America's  social  and  humanitarian 
movements  in  the  Ohio  River  drainage  area  were  the  utopian  communities  of  the 
first  half  of  the  19th  century.  An  outstanding  example  of  these  communities 
is  preserved  at  Old  Economy  Village,  Ambridge,  Pennsylvania.  No  further 
study  is  recommended. 

Industry.  In  1?60,  a coal  mine  was  opened  opposite  Fort  Pitt.  Fifty  years 
later,  the  stretch  of  river  from  Pittsburgh  to  Wheeling,  West  Virginia,  was 
well  set  in  the  industrial  pattern  it  follows  today. 

Early  oil  industry  got  its  start  in  the  Ohio  drainage  and  is  preserved 
through  the  Drake  Well  Memorial  Park,  Titusville,  Pennsylvania,  and  Pithole 
City,  Plumer,  Pennsylvania. 
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THE  SOUTH-CENTRAL  OHIO  GEOGRAPHIC  AREA 


This  area  includes  the  middle  Ohio  River,  the  Scioto,  the  Kanawha, 
the  Little  Kanawha,  the  Hocking  and  the  Muskingum  Rivers  and  includes 
south-central  Ohio  and  portions  of  West  Virginia  and  Kentucky.  It  is 
perhaps  the  most  significant  geographic  area  relating  to  history  within 
the  Basin, 

Significant  Indian  sites,  previously  described,  include  St.  Albans 
(Kanawha  River),  Mound  City,  Hopewell  and  Hopeton  (Scioto  River),  and 
Newark  (Muskingum  River), 

Early  Explorers  and  Settlements.  Very  few  English  colonists  settled  west 
of  the  Alleghenies  before  1763.  The  story  of  early  explorers  in  the  Ohio 
drainage  is  covered  under  the  Western  Pennsylvania  area  and  the  central 
Indiana  area. 

Advance  of  the  Frontier.  Lord  Dunmore's  War,  a significant  phase  of 
early  Indian  relationships  with  the  white  settlers,  has  had  little 
interpretation  and  should  be  studied  within  this  geographic  location. 

This  area  should  also  be  investigated  for  the  many  important  Indian 
trails,  Tecumseh's  birthplace,  and  the  Indian  campaign  which  culminated 
in  the  Battle  of  Point  Pleasant. 

The  development  of  the  Northwest  Territory  is  complex  and  should  be 
the  basis  for  further  study.  Historical  sites  relating  to  this  theme 
have  been  preserved  at  Marietta,  Ohio,  (land  office  building  of  the  Ohio 
Land  Company),  and  at  several  other  locations  within  the  drainage.  The 
story  is  not  fully  told,  however,  and  some  significant  sights,  such  as 
the  headquarters  of  Governor  St.  Clair,  in  Chill icothe,  Ohio,  (Basin 
Subarea  I - Scioto),  are  in  constant  danger  of  destruction.  Further 
thought  should  also  be  given  to  B1 ennerhassett  Island,  where  Aaron  Burr 
planned  his  expedition  to  set  up  a new  nation  in  the  southwest. 

Transportation.  The  early  transportation  theme  as  it  applies  to  south- 
central  Ohio  requires  further  study.  Although  this  theme  is  certainly 
much  in  evidence  throughout  the  drainage  area,  it  is  felt  that  special 
i'  reference  should  be  made  to  it  with  regard  to  this  specific  geographic  area. 

» 

' In  1795  the  Wilderness  Road  was  opened  to  wagon  traffic  and  facilitated 

I settlement  of  the  lower  Ohio  Valley.  The  next  year  Congress  authorized 

construction  of  Zane's  Trace,  the  first  road  running  through  Ohio,  con- 
necting Wheeling,  West  Virginia,  and  Maysville,  Kentucky.  After  I803,  a 
portion  of  the  money  obtained  from  the  sale  of  public  lands  in  Ohio  was  set 
aside  for  road  construction.  By  I8l8  the  Cumberland  Road  was  completed  to 
Wheeling,  and  by  1833  it  reached  Columbus,  Ohio,  Along  these  early  turn- 
pikes flowed  an  immense  wagon  traffic,  featuring  the  Conestoga  Wagon,  which 
rivaled  river  commerce. 


the  success  of  the  Erie 
into  the  canal  business, 
through  south-central 


The  famous  S-bridge  of  the  Cumberland  Road  at  New  Concord,  Ohio,  is 
a site  of  exceptional  value.  The  Zane  Trace  has  several  markers,  but  its 
path  should  be  further  defined  and  preserved.  Traces  of  the  Ohio  and 
Erie  Canal,  built  in  1833.  remain  today  and  should  be  defined  and  marked. 

Industry.  For  over  a quarter-century,  the  center  of  the  iron  industry  was 
Hanging  Rock  on  the  Ohio  River,  downstream  from  Pittsburgh  (Basin  Subarea  H). 
The  boom  began  in  the  I830's  and  lasted  through  the  Civil  War.  But  the  new 
ore  and  coalfields  gave  out  and  the  18,000  square-mile  Hanging  Rock  field 
was  dead.  The  center  for  iron  making  moved  back  upstream  to  Pittsburgh. 

In  1843  along  the  Kanawha  River  near  the  Great  Salt  Lick  the  largest 
flow  of  natural  gas  discovered  to  that  date  was  struck. 

Pottery  manufacture  was  first  established  in  the  Ohio  Valley  at  East 
Liverpool,  Ohio.  Good  clay  and  skillful  management  resulted  in  enormous 
production.  An  early  center  was  at  Zanesville. 

Buckeye  Furnace  Park,  west  of  Clarion,  Ohio,  contains  remains  of  some 
of  the  early  Hanging  Rock  iron  furnaces;  the  region  definitely  should  be 
explored  further. 

Education.  Manassah  Cutler  Hall,  completed  in  1819,  on  the  campus  of  Ohio 
University  in  Athens,  is  the  oldest  college  building  in  the  Northwest 
Territory.  Alexander  Wade's  system  of  graduation  in  country  schools  was 
adopted  nationally.  Wade  lived  in  Morgantown,  West  Virginia. 


By  1830  the  turnpike  boom  began  to  fade  and 
Canal  stimulated  the  states  in  the  old  northeast 
Ohio  built  two  trunk  canals,  one  of  which  passed 
Ohio  connecting  Cleveland  and  Portsmouth. 
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THE  WESTERN  OHIO  GEOGRAPHIC  AREA 


1 

1 

I 


I 

i 


This  area  centers  on  Cincinnati,  the  middle  Ohio,  the  Miami  and  the 
Little  Miami  Rivers,  and  includes  part  of  Kentucky, 

Significant  Indian  sites,  previously  described,  include  Fort  Ancient, 

Serpent  Mound  and  Madisonville  (Little  Miami  River), 

Early  Political  Affairs.  The  Ohio  drainage  area  came  into  its  own, 
politically,  with  the  presidential  campaign  of  1824.  The  region's  two 
candidates  were  Henry  Clay,  of  Lexington,  Kentucky,  and  Andrew  Jackson, 
of  Nashville,  Tennessee.  Although  neither  won  in  1824,  they  both  became 
key  figures  on  the  political  scene  for  the  next  two  decades.  Clay  was 
Secretary  of  State  in  1825  and  tried  unsuccessfully  for  the  Presidency 
in  1832,  1840  and  1844.  Jackson  was  President  of  the  United  States  from 
1829  to  1837.  In  1848  the  Whig  Party  ran  another  military  hero,  Zachary 
Taylor.  He  was  also  successful;  and,  like  William  Henry  Harrison,  the 
first  candidate  from  the  Northwest  Territory,  died  in  office. 

Ashland,  the  Lexington  home  of  Henry  Clay  has  been  preserved. 

Springfield,  Taylor's  home  in  Louisville,  is  still  standing. 

The  one  section  of  this  theme  that  deserves  further  study  is  the 
slavery  question,  specifically  the  underground  railroad. 

Kentucky  was  a slave  state;  Indiana,  Illinois  and  Ohio  were  active  in 
assisting  runaway  slaves.  The  name  "underground  railroad"  supposedly  dates 
from  1831,  when  the  Kentucky  owner  of  Tice  Davids,  a fugitive  slave,  unsuc- 
cessfully pursued  him  across  the  Ohio  River  at  Ripley,  Ohio.  He  is  supposed 
to  have  remarked  that  Davids  "must  have  gone  off  into  an  underground  road".  I 

The  Ripley  home  of  Reverend  John  Rankin  was  a key  station  on  the  system.  j 

Transportation.  From  the  beginning  of  the  Westward  Movement,  the  Ohio  . 

River  was  the  chief  highway  of  immigration.  Early  settlers  found  and  were  ' 

quick  to  use  the  magnificent  system  of  waterways.  During  the  first  six  or 
seven  decades,  the  Ohio  served  chiefly  to  populate  its  own  tributaries. 

Although  interrupted  by  rapids  at  Louisville,  at  high  water  the  Ohio 
could  carry  large  vessels  from  Pittsburgh  to  the  Gulf.  In  1798  a 120-ton 

brig  was  built  at  Marietta  and  sailed,  via  the  Mississippi,  Gulf  of  Mexico  j 

and  Atlantic,  to  Philadelphia.  The  construction  of  keel  and  flatboats  f 

proved  to  be  the  safer  and  more  profitable  business,  however.  Transporta-  j 

tion  companies  were  formed  - the  first  in  Cincinnati  in  I8l4  - and  barges 

were  run  on  regular  schedules.  By  the  time  steamboats  arrived  on  the  Ohio 

(1811),  the  river  ranked  next  to  the  lower  Mississippi  and  the  Hudson  in 

waterborne  commerce. 

The  story  of  steamboat  transportation,  with  the  subsequent  showboat 
and  panorama,  privides  one  of  the  most  colorful  chapters  in  the  history  of 
our  country.  The  Ohio  River  was  its  center. 
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By  1835  some  684  steamboats  had  been  built  in  the  West,  of  which  677 
were  built  in  Pittsburgh,  Cincinnati  or  Louisville.  Steamboat  traffic  was 
shared  by  the  Ohio's  tributaries:  the  Wabash,  the  Kentucky,  the  Tennessee 

and  the  Green. 

By  1848  a railroad  crossed  Ohio,  linking  Cincinnati  to  Cleveland. 

In  1852  the  Baltimore  and  Ohio  Railroad  had  pushed  across  the  mountains 
to  Wheeling.  From  these  pioneering  efforts  developed  the  great  system 
of  today,  with  43  railroads  and  10,000  miles  of  track  in  Ohio  alone.  The 
Civil  War  sounded  the  death  knell,  but  it  was  railroading  that  killed  the 
river  trade.  When  steamers  wore  out  they  were  never  replaced. 


C inc i nnat  i 

There  are  several  important  prehistoric  Indian  sites  in  the  Cincinnati 
geographical  area.  Three  important  sites  relating  to  Indians  who  used  bur- 
ial mounds  are  found  near  the  Little  Miami  River:  Fort  Ancient,  Fort  Hill, 

and  Serpend  Mound.  All  are  preserved  as  Ohio  State  Memorials;  only  Fort 
Hill  has  not  been  extensively  excavated. 

The  story  of  the  relationship  between  the  Indians  and  the  early  • 

explorers  is  well  told  at  Fort  Recovery,  Fort  Jefferson,  Fort  Greenville  i 

and  Fort  St.  Claire,  all  Ohio  State  Memorials.  ' 

\ 

Military  aspects  of  the  American  Revolution  are  interperted  through  the 
George  Rogers  Clark  Memorial  in  Springfield,  Ohio.  j 

j 

Three  sites  relating  to  political  and  military  affairs  still  stand  in  f 

Cincinnati  and  are  of  outstanding  value:  the  house  where  President  William  ; 

Howard  Taft  was  born  and  lived  until  he  was  25;  the  home  of  Senator  George  J 

Hunt  Pendleton,  who  secured  passage  of  the  Civil  Service  Reform  Bill  in  i 

1883:  and  the  stone  headquarters  building  of  Civil  War  Camp  Dennison.  ] 

■I 

At  nearby  Point  Pleasant,  the  historic  house  where  President  Ulysses  S.  j 

Grant  was  born  is  preserved  by  the  Ohio  Historical  Society.  A few  miles  j 

away,  in  Georgetown,  Ohio,  the  school  house  Grant  attended  as  a youth  is  1 

preserved.  | 
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THE  WABASH-CENTRAL  INDIANA  GEOGRAPHIC  AREA 


Indians  occupied  this  area  for  over  15,000  years  and  left  behind  many 
sites  in  the  Wabash-Central  Indiana  area,  our  only  record  of  these  people. 

Early  Explorers  and  Settlements.  There  is  little  doubt  that  the  honor  of 
leading  the  first  European  expedition  into  the  Ohio  drainage  area  belongs 
to  La  Salle.  He  came  here  in  1669,  although  there  is  much  doubt  about  his 
exact  route.  The  French,  in  Canada  near  the  Great  Lakes  by  mid-l600's, 
favored  the  Maumee-Wabash  River  routes  to  connect  the  Ohio  with  Lake  Erie. 
By  1720  they  had  established  military  and  fur  trading  posts  at  present 
Fort  Wayne,  Lafayette  and  Vincennes. 

Consideration  should  be  given  to  the  story  of  the  early  French  along 
the  Wabash  River. 


Advance  of  the  Frontier.  Tippecanoe  Battlefield  State  Memorial,  Indiana, 
interprets  the  advance  of  the  frontier  and  early  Indian  relations  in  the 
Wabash  region.  The  Indiana  Territory  Capitol  at  Vincennes  relates  to  the 
development  of  the  Northwest  Territory. 

George  Rogers  Clark  Memorial  in  Vincennes  has  recently  been  taken 
over  by  the  National  Park  Service  and  is  being  developed  as  a national 
historical  park,  commemorating  and  interpreting  both  the  battle  and  the 
Northwest  Territory. 

T ransportat i on . In  1843  Indiana  completed  the  Wabash  and  Erie  Canal, 
extending  from  Toledo,  through  Fort  Wayne  and  Peru,  to  Terre  Haute. 


Early  Political  Affairs.  W i 
Hard  Cider"  campaign  of  1840 
tory  northwest  of  the  Ohio, 
to  1812,  still  stands . 


lliam  Henry  Harrison's  famous  "Log  Cabin  and 
featured  the  first  candidate  from  the  terri- 
"Grouseland, " his  Vincennes  home  from  1804 
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POPULATION  BY  ECONOMIC 
Economic  Suture* 

SUBAREAS. 

I960 

1960-2020 

I58fi 

2000 

2020 

(Thousands  of  Persons) 

A . 

Al legheny 

1.075 

1 .221 

1.424 

1 .629 

B. 

Honongahe !• 

556 

607 

686 

774 

C. 

Pittsburgh  SMSA 

2,405 

2.654 

3.087 

3.415 

D. 

Beaver 

864 

971 

1.179 

1 .423 

£. 

Upper  Ohio 

701 

745 

856 

991- 

F. 

Muskingum 

1 .040 

1.326 

1,662 

2.051 

G. 

Kanawha,  Little  Kanawha 

899 

1 .063 

1 .265 

1 .480 

H. 

Ohio'Hunt ington 

532 

600 

687 

788 

1 . 

Scioto 

1.113 

1.561 

2.086 

2.704 

J . 

Cuyandotte,  Big  Sandy,  Little  Sandy 

464 

401 

378 

357 

K. 

Ohio-Ci ncinnat I 

1 .310 

1.566 

1 .886 

2.237 

L. 

Little  Miami,  Great  Miami 

1 .419 

1 .817 

2.352 

2.960 

H. 

Licking,  Kentucky,  Salt 

723 

851 

1 .096 

1,399 

N. 

Ohio’Lou*  svi 1 ie 

853 

1,142 

1 ,474 

1 .823 

0. 

Ohio-Evansvi 1 le 

559 

701 

867 

1.048 

P. 

Green 

393 

457 

598 

776 

Q. 

White 

1.783 

2.366 

3.116 

3.976 

R. 

Wabash 

1.362 

1,739 

2.235 

2.810 

S. 

Cumberland 

1 .219 

1.534 

2.026 

2.623 

TOTAL 

19.270 

23.322 

28.960 

35.267 

TABLE  2 

KAJOR  LAND  USE  BY  ECONOMIC  SUBAREAS,  >959 


1 

Tota  1 

Water 

Urban  t 

Bui It-UD 

CroDland 

Pastureland 

Forest 

l.and 

Other 

Land 

Economic  Subarea 

Area 

(1,000 

Acres) 

Area 

(1,000 

Acres) 

Percent 

of 

Total 

Area 

(1,000 

Acres) 

Percent 

of 

Total 

Area 

(1.000 

Acres) 

Percent 

of 

Total 

Area 

(1.000 

Acres) 

Percent 

of 

Total 

Area 

0.000 

Acres) 

Percent 

of 

Total 

Area 

0.000 

Acres) 

Percent 

of 

Totel 

A, 

Al  legheny 

7.574 

88 

1.2 

302 

4.0 

1.332 

17.6 

732 

9.7 

4.322 

57.0 

798 

10.5 

B 

Monongahe la 

4,168 

41 

1 .0 

139 

3.3 

529 

12.7 

907 

21.8 

2.334 

56.0 

218 

5.2 

C. 

Pittsburgh  SMSA 

1.971 

25 

1.3 

355 

18.0 

470 

23.9 

260 

13.2 

606 

30.7 

255 

12.9 

0 

Beaver 

1.855 

18 

1 .0 

219 

1 1 .8 

6I7 

33.3 

197 

10.6 

564 

30.4 

240 

12,9 

£. 

Upper  Ohio 

3.287 

35 

1 . 1 

184 

5-6 

575 

17.5 

711 

21 .6 

1.503 

45.7 

279 

8 5 

i F 

Muskingum 

5.175 

86 

1 .7 

306 

5.9 

1.749 

33.8 

1 .074 

20.7 

1.325 

25.6 

635 

12.3 

i G. 

Kanawha , 

Little  Kanawha 

9.190 

73 

.8 

233 

2.5 

824 

9.0 

1 .764 

19.2 

6.148 

66.9 

148 

1 6 

, H, 

Ohio-Hunt I ngton 

3.826 

48 

1 .2 

145 

3.8 

599 

15.6 

626 

16.4 

2.214 

57.9 

194 

5.1 

1 . 

Scioto 

4.002 

23 

.6 

223 

5-6 

2.520 

63-0 

494 

12.3 

638 

IS. 9 

104 

2.6 

J 

[ 

Cuyandot te , 
Big  Sandy , 

Li t t le  Sandy 

3.806 

7 

.2 

92 

2-4 

152 

4.0 

222 

5.8 

3.091 

81 .2 

242 

6 4 

( K. 

Ohio-Cincinnat I 

2.657 

30 

1 .1 

294 

1 1 . 1 

628 

31.2 

601 

22.6 

770 

29.0 

134 

$.0 

1 L. 

Little  Miami , 
Great  Miami 

4.165 

16 

.4 

360 

8.6 

2,694 

64.7 

496 

119 

521 

12. S 

78 

1.9 

M, 

Licking, 
Xentucky,  Salt 

7.887 

50 

.6 

182 

2.3 

1.434 

18.2 

2.341 

29.7 

3.329 

42.2 

551 

7.0 

H, 

Ohio-Loui Svi  1 le 

2.403 

42 

1 .7 

136 

5.7 

687 

28.6 

372 

15. 5 

952 

39.6 

214 

6 9 

0. 

Lower  Ohio- 
Evansvi 1 le 

4.876 

117 

2.4 

177 

3 6 

1 .966 

40.7 

774 

15.9 

1 ,426 

29.3 

396 

6.1 

p . 

Green 

5.174 

26 

.5 

122 

2.3 

1 .712 

33.1 

904 

17.5 

2.038 

39.4 

372 

7.2 

Q. 

White 

8.669 

44 

.5 

467 

5.4 

4,602 

53.1 

915 

10. s 

1.917 

22.1 

724 

8 4 

R. 

Wabash 

12.349 

88 

,7 

543 

4.4 

8,610 

71.4 

1.159 

94 

1 .217 

9.8 

532 

4 3 

, S 

Cumberland 

JU&L 

283 

2,5 

_4i£ 

3.8 

2.095 

18  4 

1.801 

15.8 

5.874 

51.6 

898 

7 9 

1 

1 

TOTAL 

104.421 

1,140 

i.O 

4.915 

47 

34.215 

32.8 

16.350 

15.7 

40,789 

39.1 

7,012 

6 7 

TABLE  3 


STUDY  AREA 

Industry  Cateaorv 

EMPLOYMENT  AND  LABOR  FORCE. 
I960 

1960-2020 

1980 

?000 

2020 

(Thousands  of 

Persons) 

Agriculture,  forestry  and  fisheries 

428.6 

210.6 

169.8 

166.1 

Mining: 

172-5 

142.3 

137.7 

136.2 

Coal  mining 

(136.8) 

(96.5) 

(74.3) 

(67.6) 

Other  mining 

(35.7) 

(45.8) 

(63.4) 

(68.6) 

Construction 

357.0 

489.7 

931.9 

1 ,246.3 

Manufacturing: 

2,026. 1 

2.423.6 

2,988.1 

3,328.5 

Lumber  and  wood  products,  furniture  and  fixtures 

(101.4) 

(150.0) 

(223.6) 

(304.9) 

Primary  metals 

(358.9) 

(220.7) 

077.7) 

(143.2) 

Fabricated  metal  products 

(153.5) 

(224,7) 

(349.8) 

(451.4) 

Machinery  except  electrical 

(203.7) 

(315.2) 

(421.4) 

(459.1) 

Electrical  machinery 

(237.3) 

(385.3) 

(556.9) 

(656.0) 

Transportation  equipment  (except  motor  vehicles) 

(61.9) 

(73.5) 

(67.2) 

(58.9) 

Motor  vehicles 

(89.8) 

(103.9) 

(95.1) 

(81.5) 

Other  durable  goods 

(186.5) 

(209-1) 

(245.6) 

(248.7) 

food  and  kindred  products 

(169.4) 

(162.9) 

055.0) 

(140.0) 

Textile  mill  products 

(20.7) 

(22.5) 

(22.9) 

(23.0) 

Apparel  and  finished  products 

(71.2) 

(108.9) 

(180.5) 

(236.8) 

Printing,  publishing  and  allied  products 

(112.8) 

(146.5) 

074.6) 

(197  3) 

Chemicals  and  allied  products 

0 07.9) 

(119.7) 

014.6) 

(106.9) 

Other  nondurable  goods 

051.1) 

(180.7) 

'203.2) 

(220.8) 

Transportat ion,  communications  and  utilities 

441 .7 

531.5 

634.5 

709.9 

Wholesale  and  retail  trade 

1,144.3 

1.575.5 

1,879.2 

1 ,966.8 

finance,  insurance  and  real  estate 

207.7 

324.4 

405.7 

541 .7 

Serv) ces 

1 ,252.4 

1,962.2 

2.937.5 

4,527.6 

Government 

259.0 

399.0 

677.8 

1 ,041*. 5 

Nondassi  f iable 

- 229.9 

I8l  .2 

238.2 

’50.3 

TOTAL  EMPLOYMENT 

6.519.2 

8,240.2 

1 1 ,000.4 

'4.057.9 

Unemt.lovinent 

418. 1 

416.0 

556.2 

702.6 

CIVILIAN  LABOR  FORCE 

6.937.3 

8.656.2 

1 1 .556.6 

'4.760.5 

Armed  forces 

- 85.4 

76.1 

71.2 

67.0 

TOTAL  LABOR  FORCE 

7,022.7 

8,732.3 

1 1 .627.8 

14.827.5 

TABLE  *» 

STUDY  AREA  OUTPUT  BY  INDUSTRY,  1960-2020 


Industry  CJtgperv  I960 


Agriculture,  forestry  end  fisheries  i*,595 

Mining;  2. 1*8 1 

Coel  mining  (1,391 

Other  mining  (1,090 

Construction  7.269 

Manuf  ecturing:  48.9**0 

Lun-ber  and  wood  products,  furniture  and  fixtures  (1,278 

Prirary  metals  (9.729 

fabricated  metal  products  (3,496 

Machinery,  except  electrical  (4, ISO 

Electr'cal  machinery  (4,559 

Transportat ion  equipment  (except  motor  vehicles)  (1,475 

Motor  vehicles  (3.373 

Other  durable  goods  0,172 

food  and  kindred  products  (6,518 

Textile  mill  products  (245 

Apparel  and  finished  products  (706 

printing,  publishing  and  allied  products  (1,327 

Chemicals  and  allied  products  (3,935 

Other  nondurable  goods  (4,971 

Transportation,  communications  and  utilities  6,517 

Whoiesele  and  retail  trade  10,232 

Finance,  insurance  and  real  estate  8,868 

Services  9.QI i , 


97.916 


2000 

2020 

(Mi  1 1 ions  of 

I960  Dol lars) 

0 

4.928.9 

6.114.9 

8.752.3 

7 

4.948.2 

9,434.7 

15.453.5 

3) 

(2,862.5) 

(5,147.41 

(8.505.2) 

4) 

(2.085.7) 

(4.287.3) 

(6.948  3) 

8 

15,712.8 

32,728.1 

56,862.4 

5 

94.555.3 

175.633.1 

300,678.1 

0) 

(2,355.7) 

(4,455.7) 

(7.528.6' 

0) 

(11.063.1) 

(16.701 .6) 

(22,609  4) 

2) 

(6,730.8) 

(13,496.4) 

<22.550.1) 

7) 

(9.223.0) 

(17.448,2) 

(27.44fc.4) 

7) 

(11,090.5) 

(23.23'  5) 

(39.217.61 

9) 

(3.759.1) 

(6,968.3) 

(12.304  8) 

0) 

(8.133.1) 

(15,860.1) 

(28,942.0) 

9) 

(5.942.5) 

(11,518.2) 

(19,507.1) 

6) 

(12,110.8) 

(22.593.6) 

(40,004.0) 

5) 

(995. 3) 

(780.4) 

( 1.349  7) 

7) 

(1.353.0) 

(2.796.7) 

(4.562.7) 

7) 

(2.765.8) 

(5.293.9) 

(9,600.6) 

4) 

(9.015.3) 

(17.768,1) 

(34,093.1) 

2) 

(10.547  3) 

(16.720.2) 

(30,802.0) 

0 

12,060.9 

23,310.5 

41,359.5 

1 

21,667  0 

41,340.5 

70. 149.9 

5 

21.303.5 

43.133.9 

83.296.7 

8 

18.312.6 

35. 742. e 

7'. 712. 7 

4 

193,489.2 

367.938.5 

648.265  1 

TOTAL  OUTPUT 


r>tfLe  5 


MUNICIPAL  ANO  INDUSTRIAL  WATER  SUPPLY  DEMANDS  BY  HYDROLOGIC  SUBBASIN,  1960-2020 


I Gal loni  Per  Day) 


A 1 lasHany 

215. S 

277.7 

693.2 

278.9 

380.6 

659.3 

356.5 

555.5 

912.0 

500.0 

865.0 

1 .365.0 

Monongahala 

Ikl  .7 

6.717.5 

6.859.2 

168.8 

5.575.7 

5,766.5 

220.0 

7.201.5 

7,621.5 

302.0 

10.033.0 

10. 335.0 

Beaver 

83.9 

970.3 

1 ,056.2 

1 10.0 

1 ,226.0 

1 .336.0 

153.5 

1 .680.5 

1 .836.0 

221.0 

2.663.0 

2,666.0 

MuSkln9um 

86.0 

71.8 

IS7.8 

166.6 

121 .9 

268.5 

216.5 

198.5 

613.O 

298.2 

313.8 

612.0 

Little  Kanawha 

.? 

6.6 

7.3 

1.0 

9.6 

10.6 

1.3 

16.1 

15.6 

1.9 

20.0 

21.9 

Kanawha 

kS.O 

1 .688.3 

1 ,533.3 

68.3 

2,066.5 

2,116.8 

107.0 

2,826.9 

2.935.9 

170.1 

6,081  .0 

6.251 . 1 

Guyandotta 

k.8 

.2 

5.0 

6.9 

.3 

5.2 

5.2 

.5 

5.7 

6.0 

.6 

6.6 

Little  Sandy 

.2 

.1 

.3 

.3 

.6 

.3 

.2 

.5 

.3 

3 

.6 

Big  Sandy 

10.9 

51.1 

62.0 

11.2 

73.3 

86.5 

12.0 

111.2 

123.2 

13.1 

|■•5.■0 

188.1 

Scioto 

81 .0 

55.3 

136.3 

135.2 

1 10.8 

266.0 

198.8 

192.0 

390.8 

268  9 

333.5 

602.6 

Little  Hianti 

11.8 

1.5 

13.3 

18.8 

2.5 

21.3 

26.2 

3.7 

29.9 

33.6 

5.5 

39.1 

Great  Mi  amt 

130.6 

169.7 

280.3 

197.1 

26k. 2 

6k1  .3 

277.5 

363.5 

661 .0 

376.0 

568.3 

926.3 

Licking 

8.2 

0 

8.2 

13.5 

.8 

16.3 

22.3 

1.6 

23.7 

60.0 

2.6 

62.6 

Kentucky 

27.0 

3.1 

30.1 

36.5 

7.7 

66.2 

63.9 

16.6 

78.3 

166.7 

26  1 

170.8 

Salt 

2.8 

2.3 

5.1 

6.5 

3.0 

7.5 

8.0 

6.8 

12.8 

16.1 

9.7 

25.8 

Green 

15.1 

6.1 

19.2 

2f  .6 

10.0 

31.6 

61.2 

15.8 

57.0 

8l  .6 

30.0 

111. 6 

Wabash 

262.0 

215.6 

657.6 

616.0 

380.0 

796.0 

638.9 

655.1 

1.296.0 

963.5 

1,166  5 

2.130.0 

Cumberland 

66.2 

65.9 

112.1 

116.1 

80.0 

198.1 

200.0 

132.5 

332.5 

353.9 

229.7 

583.6 

Upper  Ohio 

86.1 

638.1 

726.2 

1 1 1 .6 

765.9 

857.5 

168. S 

960.1 

1,108.6 

206.5 

1.320. 1 

1 ,526.6 

Ohio-Hunt ington 

29.5 

361 .9 

391.6 

61.7 

526.5 

566.2 

56.3 

825.0 

881 .3 

78.0 

1.356  7 

1.636.7 

Ohio-Clnclnnat< 

121.0 

67.3 

168.3 

167.9 

76.7 

262.6 

219.1 

1 19.6 

338.5 

279.5 

209.0 

688.5 

Ohio-Loui svt 1 le 

100.6 

36.5 

136.9 

157.8 

69.9 

227.7 

213.6 

119.6 

333.2 

266.6 

212.3 

678,7 

OHio*Cvan»vI I le 
TOTAL 


TABLE  6 

LIVESTOCK  AND  RURAL  DOMESTIC  WATER  SUPPLY  DEMANDS  BY  ECONOMIC  SUBAREA,  1960-2020 

Livaatock  Rural  Parin  Do<wttic 

'980  2000  2020  iraient  19^0  200Q'  2dZ0_ 

(Million  Gallons  Par  Day) 


i;F_art2_052esij_^ 
) 2000 


A. 

Al legheny 

6,67 

3.96 

6.85 

9.58 

1.63 

1.15 

1.36 

1.59 

66.8 

50.1 

53.7 

59-5 

B. 

Monongahala 

3.12 

1.70 

6.10 

6.50 

1 .60 

1.25 

1.35 

1.65 

31 .0 

39.0 

65.2 

52.6 

C. 

Pittsburgh  SMSA 

2.16 

1.66 

2.32 

3.06 

.67 

.65 

.66 

.62 

36.8 

63.0 

69.0 

56  6 

0. 

Beaver 

2.66 

t.78 

2.80 

3.88 

.89 

.76 

.73 

.70 

26.8 

25.2 

29.2 

33.0 

E. 

Upper  Ohio 

3.50 

i.93 

3.69 

5.60 

1.30 

.89 

i.05 

1 .20 

19.1 

22.7 

25.2 

28.1 

F. 

Muskingum 

8.23 

8.06 

1 1 .80 

15.50 

2.58 

3.15 

2.99 

2.52 

62.1 

62.8 

50.6 

58.0 

C. 

Kanawha,  Little  Kanawha 

6.35 

3.61 

7.63 

11.30 

3.17 

2.38 

2.52 

2.65 

63.1 

58.3 

68.3 

78.7 

H. 

Ohio-Huntington 

2.63 

1.65 

3.39 

5.12 

1.50 

.80 

.98 

1.15 

20.2 

26.6 

27.5 

29.9 

1 . 

Scioto 

6.52 

10.33 

16.51 

18.80 

1.87 

2.07 

2.15 

2.20 

20.9 

22.6 

27.5 

32.6 

J. 

Guyandotte,  Big  Sandy. 
Little  Sandy 

1 .09 

.55 

1.25 

1.93 

1 .20 

.67 

.59 

.73 

28.6 

28.6 

29.1 

30.7 

K. 

Ohio-CIncinneti 

3.63 

3.33 

5.50 

7.57 

1 .66 

1 .02 

1 .06 

1 .06 

18.9 

22.6 

26.6 

• ?0  9 

L. 

Little  Miami,  Great  Miami 

8.03 

13.37 

16.80 

20.60 

2.66 

2.93 

2.67 

2.10 

36.6 

36.8 

63  8 

56.6 

M. 

Licking,  Kentucky,  Salt 

8.58 

8.60 

11.10 

13.56 

6.73 

2.62 

2.16 

1.83 

20.6 

37.6 

65  6 

56.1 

N. 

Ohio-Loul tvi 1 le 

2.71 

3.69 

6.01 

6.56 

1.29 

1 .10 

.92 

.75 

16.7 

17  3 

21.9 

27  0 

0. 

Lower  Ohio-Cvansvl 1 le 

3.87 

6.66 

6.17 

7.80 

2.00 

1 .68 

1.67 

1.29 

17.6 

21 .6 

25.7 

29.8 

P. 

Green 

5.90 

6.22 

6.30 

10.60 

3.29 

1 .91 

1.92 

1 .92 

12.5 

23.6 

30.2 

37  5 

Q. 

White 

1 1 .56 

16.90 

25.00 

33.00 

6.63 

6.61 

3.85 

3.10 

66.1 

66.2 

60.2 

72.8 

R. 

Webash 

>5,60 

29.05 

67.20 

65.20 

5.93 

7.01 

6.39 

5.93 

65.1 

69.8 

62.6 

75.9 

Cunt  bar  land 

total 


TABLE  7 


IRFUGATtON  WATER  SUPPLY  DEHAHOS  BY  ECONOMIC  SUBAREA.  I960-2020(0 

E>timdt»d  Present  Use  1980  2000  2020 

Sgeci«ltv  Crops  field  Crops  Special ty  Crops  Field  Crops  Specialty  Crops  field  C rops  Specialt>  Zrooi  F .e ’ e jr  [ ^ 

Economic  Subarea  Ayq  Yr  Driest  Yr  Ayq  Yr  Driest  Yf  Avq  Yr  Priest  Yr  Avg  Yr  Driest  Yr  Ayq  Yr  Driest  Yr  Ayq  Yf  Driest  Yr  Avg  Yr  Driest  Yr  Ayq  Yr  Qri.---*  »r 

(TlK)usand$  of  Acre-Feet) 


A 

A 1 tegheny 

0.2 

0.3 

- 

- 

1 .2 

1.7 

0. 1 

0.1 

1.7 

2.4 

0. 1 

O.l 

2.2 

3.1 

0.2 

0.2 

B. 

Monongahela 

.1 

.2 

- 

- 

.5 

.8 

. 1 

.2 

.7 

1 .2 

. 1 

.2 

1 .0 

1.7 

. 1 

2 

C 

Pi ttsburgh  SMSA 

1 

.2 

- 

- 

1 .0 

1.7 

. 1 

.2 

1 .4 

2.4 

. 1 

.2 

1 .7 

2.9 

. 1 

.2 

0. 

Beaver 

-3 

.4 

- 

- 

.5 

.6 

.1 

. 1 

.7 

.9 

. 1 

. 1 

1 .0 

1.3 

.1 

.5 

E 

Upper  Ohio 

.2 

5 

- 

- 

l.l 

1.8 

.1 

.2 

1.5 

2.4 

.1 

.2 

2.0 

3.2 

. 1 

.2 

f , 

Huski ngun 

1.6 

2.1 

- 

- 

2.0 

2.7 

1.5 

2.7 

2.8 

3.8 

9.0 

12. 1 

3.7 

5.0 

15.6 

20.9 

G- 

Kanawha,  Little  Kanawha 

1.3 

2.2 

- 

- 

1.7 

2.9 

. 1 

.2 

2.5 

4.3 

.1 

.2 

3.3 

4.4 

.1 

.2 

H. 

Oh  icHunt  i ngton 

.k 

.6 

- 

- 

1.3 

2.1 

.1 

.2 

2.0 

32 

.1 

.2 

2 6 

4.1 

.1 

.2 

1 . 

Scioto 

.k 

.6 

- 

2.0 

3.1 

9.2 

3-1 

2.8 

4.3 

55.0 

84.2 

3.6 

5.5 

86  5 

'52.3 

J 

Guyandotte,  Big  Sandy, 
Little  Sandy 

,4 

.7 

- 

- 

.3 

.5 

. 1 

.2 

.6 

.2 

. 1 

.2 

.8 

1 .4 

. 1 

.2 

K. 

Ohi o-Cinci nnat  i 

-7 

1 .0 

- 

- 

1.4 

2.0 

3.0 

4.3 

2.7 

39 

6.4 

9.2 

3.6 

5.2 

38  9 

55.6 

L. 

Little  Miami , 
Great  Miami 

.4 

.7 

- 

- 

2.0 

3.3 

10.7 

17.6 

2.9 

4.8 

63.8 

104.6 

3.7 

6 1 

99  8 

163. 7 

H. 

Licking,  Kentucky,  Salt 

3.1 

5.3 

- 

- 

'♦.3 

7.3 

12.1 

20.6 

7.0 

II. 9 

25.4 

43.2 

1C  0 

17.0 

24  0 

40.6 

N. 

Ohio'Louisvi 1 le 

.4 

.7 

- 

- 

1 .4 

2.4 

1 .4 

2.4 

2.3 

3.9 

2.9 

4.9 

3.0 

5.0 

9-0 

15.1 

0 

Lower  Ohio-Evansvi 1 le 

.8 

1 .4 

- 

- 

.9 

1.6 

. 1 

.2 

1 .7 

3.0 

, 1 

2 

2.3 

4. 1 

5.1 

9.0 

p. 

Green 

.6 

l.l 

- 

- 

1 .2 

2.1 

. 1 

2 

3.2 

5.7 

1 

.2 

4.6 

6 2 

.1 

.2 

Q. 

Whi  te 

8 

1.2 

- 

- 

9.6 

14.1 

10.7 

15.7 

13.1 

19.3 

63.6 

93.5 

16.5 

24.3 

145  9 

214,5 

R . 

Wabash 

4.6 

6.0 

- 

- 

II. 0 

14.3 

17.9 

23.3 

15.0 

19.5 

95.5 

124.2 

18.7 

24,3 

245.7 

319  - 

S. 

Cumberland 

1.8 

2.9 

. 

_ 

5.0 

.1 

2_ 

6.6 

10.6 

. 1 

2 

8.9 

14.3 

1 

.2 

total 

18.2 

27.9 

16.S(2) 

46. S 

70.0 

67.6 

9\  .7 

71.2 

107.7 

321.7 

477.9 

93-2 

IWI  .1 

671  9 

973-7 

NOTES:  (1)  Water  reooirenents  for 

each  projection  year 

include 

present  t 

rr! gat  ion 

water  use  and 

are  based 

on  75 

percent  appl> 

i cation 

efficiency . 

Does  not  include  storage  or  abnormal  transmission  losses. 
(2)  Subarea  breakdown  not  available. 


TABLE  8 

IRRIGABLE  AGRICULTURAL  LANDS  BY  ECONOMIC  SUBAREA.  I960-2020(U 


Present 

1980 

2000 

2020 

Cfr>.ncm.Ic  Subarea 

Specialty 

Crons 

Field 

Crops 

Specialty 

Crops 

Field 

Crops 

Specialty 
C roes 

Field 

Crops 

Specialty 

Crops 

Field 

Crops 

(Thousands  of 

Acres) 

A. 

A 1 leghcny 

0.4 

- 

2.0 

0.1 

3.1 

0.1 

4.2 

0 3 

B. 

Monongahela 

.2 

- 

.8 

. 1 

1.3 

. I 

1.8 

I 

C. 

Pi ttsburgh  SMSA 

.1 

- 

1 .6 

.1 

2.5 

■ ' 

3.3 

1 

0. 

Beaver 

.5 

- 

.8 

■ 1 

1.3 

.1 

1.8 

.7 

E 

Upper  Ohio 

.3 

- 

1.8 

.1 

2 8 

.1 

3.8 

■ ' 

F 

Muskingum 

2.6 

- 

3.3 

3.1 

5.1 

17.9 

6 9 

28.9 

G 

Kanawha,  L'ttle  Kanawha 

2.1 

- 

2.8 

.1 

4.5 

1 

6 3 

1 

h. 

Ohio-Hunt ington 

.7 

- 

2.2 

. 1 

3.7 

.2 

so 

.2 

1 . 

Scioto 

.7 

- 

3.4 

18.8 

5.1 

1 10  1 

6 7 

160  1 

J. 

Guyandotte.  Big  Sandy, 
Little  Sandy 

.6 

- 

.7 

. 1 

1.0 

1 

1 5 

.1 

K. 

Ohio-CIncinnati 

1 . 1 

- 

2.4 

6.1 

4.9 

12  8 

6 8 

72  0 

L 

Little  M<ami,  Great  Miami 

.6 

- 

3.3 

21  9 

5 2 

127  6 

6 9 

lB4  9 

M. 

Lacking,  Kentucky,  Salt 

5.2 

- 

7.6 

24.7 

12.8 

50.8 

16  8 

44  S 

N 

Ohio-Louisvi 1 le 

.7 

- 

2.3 

2.8 

4.2 

5 8 

5 7 

16  7 

0. 

Lower  Ohio-Evansvi 1 le 

1.3 

- 

1 .5 

.1 

3.1 

I 

4 4 

9 4 

P. 

Green 

1 .0 

- 

2.0 

1 

SB 

1 

8 7 

1 

Q. 

White 

1.3 

- 

16.0 

21.9 

23  8 

127  3 

31.1 

270  2 

R. 

Wabash 

7.6 

- 

18  4 

36.5 

27.3 

191  0 

35  2 

455  0 

S. 

3.0 

5.2 

,i 

12.0 

1 

_liJ 

1 

total 

30.0 

20.0^*^ 

78.1 

136  9 

129.5 

644  5 

175.7 

1.243-6 

NOTES:  (I)  Economic  potential  for  agricultural  Irrigation. 

(2)  Subarea  breakdown  not  available. 


A1 legheny 
Honongahel 


TABLE  ^ 

RESIDUAL  ORGANIC  WASTE  LOADS  BY  HYDROLOGIC  SUBBASIN,  1960-2020 


Industrial  Total 


huskingun 
Little  Kanawha 
Kanawha 
Guyandotte 
Little  Sandy 
Big  Sandy 
Scioto 
Little  Niami 
Great  Hiaml 


2.842.6 

2.974.8 

6 

2.$ 

0 

3 

1 3 

7.3 

79$. 4 

1.102.9 

Wabash  276.0  29 

Cumberland  S^.6  9 

Upper  Ohio  336.2  13 

Ohio-Huntington  33-2  I 

Ohio-Cincinnati  ISO. 2 19 

Ohio-Loulsvi lie  83.2  12 

Ohio-Evaosvi  lie  49.0 2, 

TOTAL  1.732.6  2.40 

NOTE:  (1)  Assianing  8S  percent  removal  of 


276.0 

294.7 

570.7 

$4.6 

$4.9 

109.5 

336.2 

139.6 

475.8 

33.2 

1S.5 

48.7 

ISO. 2 

195.4 

345.6 

83.2 

123.9 

207.1 

49.0 

29.5 

78.5 

.732.6 

2.408.8 

4.141.4 

518.0 

941 .9 

599.6 

96.7 

178.5 

125-9 

170.0 

$56.3 

462.8 

22.6 

650 

52.0 

301 .8 

490.3 

228.1 

231 .8 

348.2 

152.0 

47.7 

116.9 

96.2 

.71 1 .8 

6.028.7 

3.070.7 

875.3 

1.474  9 

848.4 

1.558  2 

2,406.6 

164.1 

290.0 

205.1 

284  4 

489.5 

225.3 

688.1 

566.6 

3'9-3 

885.9 

35.9 

87.9 

66.1 

59.6 

125.7 

453.9 

682.0 

266.1 

714.8 

980  9 

397.2 

549.2 

181 .5 

685.4 

866.9 

71.6 

167.8 

131.2 

132.2 

26$. 4 

5.738.9 

8.809-9 

4.1 14.6 

9.291  .2 

<3.405  8 

•iruil 


A1 legheny 
Honongahe I a 
Beaver 
Muskingum 
Little  Kanawha 
Hocking 
Kanawha 
Cuyandot  te 
Big  Sandy 
Scioto 
Little  Miami 


TABLE  10 

RESIDUAL  AVERAGE  ANNUAL  FLOOD  DAMAGES  BY  HYDROLOGIC  SUBBASIN,  1969-2020^ 


Wabash  zu.S'r  ib,0/b  5b. 393  Z3.z/e  zi.e^ 

Cumberland  SIS  4,314  4.829  643  6.33 

Miner  Tribs  620  8,77$  9.39$  732  9.8? 

Ohio  River  M.li2 _ I l^itZ  16.499 

TOTAL  $7. $71  $3,061  110.632  76.042  68,27 

NOTE:  (I)  Assuming  flood  control  projects  In  "Going  Rregram"  fully  affective. 


7. $6$  8.380  I.0S2 

12. $61  13.640  I.S70 

2Ui3ft 

90.98$  20$. 328  179. 0$l 


116. $9$  29$. 646 


TABLE  II 


OUTDOOR 

RECREATION  DEMANDS 

AND  NEEDS  BY 

ECONOMIC 

SUBAREA.  1960-2020 

Annua  1 
Recreat  ion 
Days 

Land,  . 
Area^*l 
(1,000 

Water 

Area 

(1,000 

I960 

1 

2000 

2020 

Economic  Subarea 

(Hi  1 ions! 

Acres) 

Acres) 

Oemands 

Needs 

Oanands 

Oemands 

Needs 

Oer.ands 

Needs 

(Hi  1 1 

ions 

of  Annual 

Recreat  > 

on  Days) 

A. 

Al legheny 

9.0 

895. 

19.4 

M.2 

2.2 

26  8 

17,8 

46  8 

39.8 

70  8 

61 .8 

B 

Honongahe 1 a 

2.5 

511. 3 

3.5 

7 0 

*♦-5 

16  7 

14.2 

30  3 

27  8 

h4  0 

61.5 

C, 

Pi ttsburgh  SHSA 

3.3 

16.1 

.7 

13.0 

9.7 

31 .0 

27 

56.3 

53.0 

81.7 

78  4 

D. 

Eleaver 

1 .8 

20.9 

7.6 

7.6 

5.B 

18  2 

16  4 

33.1 

31.3 

48  0 

46.2 

E. 

Upper  Ohio 

1.7 

44  6 

1.7 

7.5 

5-8 

17  8 

16.1 

32.4 

30  7 

46  9 

45.2 

F. 

Muskingum 

2.8 

153.8 

17  2 

12.4 

9.6 

29.6 

26.8 

53-9 

51  1 

78.1 

76.3 

G. 

KanaMha,  L<t*le  Kanawha 

‘..7 

681.5 

5.3 

7 8 

3.1 

18.6 

13.9 

33.8 

29.1 

49  0 

44.3 

H. 

Ohio-Hunt ington 

1.7 

195.6 

12.1 

2.6 

10.2 

8.5 

18.6 

16.9 

27.0 

25.3 

1. 

Scioto 

*•-7 

75.8 

7.5 

8 2 

3.5 

19.5 

14.8 

35.5 

30.8 

51.5 

46.8 

J . 

Guyandotte.  B'g  Sandy. 
Little  Sandy 

.4 

38.1 

1 .2 

4 8 

4.4 

1 1 .4 

11.0 

20.7 

20.3 

30.0 

29.6 

K. 

Ohio-Cincinnati 

3.5 

27.8 

1 .1 

6 6 

3 1 

15.7 

12.2 

28.5 

25.0 

61.3 

37.8 

L. 

Little  Miami,  Great  Miami 

5.0 

21  .0 

9.5 

)l  .2 

6.2 

26.8 

21.8 

68.7 

63.7 

70.6 

65.6 

H , 

Licking,  Kentucky,  Salt 

.6 

250.7 

8.2 

8.6 

8.0 

20.6 

20.0 

37.5 

36.9 

56.3 

53.7 

N. 

Ohio-Louisvi 1 le 

.6 

15.6 

2 

3-8 

3.2 

9.0 

6.4 

16.3 

15.7 

23.6 

23  0 

0. 

Lower  Ohio'Evansvi 1 le 

.8 

220.9 

2.4 

‘*.3 

3.5 

10.3 

9.5 

18,7 

17.9 

27.1 

26.3 

P. 

Green 

9 

54,3 

2.5 

4.2 

3 3 

to.i 

9.2 

18.3 

17.6 

26.6 

25.7 

Q. 

White 

1.0 

197.6 

5.7 

15. 1 

14. 1 

35.9 

36.9 

65-3 

66.3 

96.6 

93-6 

R. 

Wabash 

.9 

48.1 

7.** 

16  4 

15.5 

39.2 

38.3. 

71.3 

70.6 

103.6 

102.5 

S 

12.4 

663.1 

134.9 

9.7 

E 2.7<^> 

23.2 

- 10.8 

62  ? 

29.8 

61.1 

48.7 

TOTAL 

58.3 

‘♦.132.2 

248.1 

163.7 

105. 

390.6 

332.3 

710.2 

651.9 

1 ,029.6 

971.3 

NOTES:  (I)  Ar>ount  of  M«ter  «re«  incloded  in  land  area. 

(2)  E ~ indicates  an  excess;  suAv>ly  greater  than  demand. 


TABLE  12 

FISHING  DEMANDS  AND  NEEDS  BY  HYDROLOGIC  SUBBASIN.  I98O  AND  2020 


Resoorces 


HvdrolooiC  Subbasin 

Miles 
of  Stream 

n.ooo) 

Ponded 
Water  Area 
(1.000  Acres) 

Pub' ic  Fishing 
Ponoed  Water  Area 
(1.000  Acres) 

Actual  Use 
I960 

1980  2010 

1980 

2020 

(Millions  of  Angler  Days) 

Al  legheny 

3.83 

63.65 

18.66 

1 .80 

2 43 

3.26 

0 16 

0 43 

Monongahela 

1.57 

13.29 

8.86 

0.37 

0.55 

0.93 

0 04 

O-I5 

Beaver 

0.73 

37.11 

32.22 

0 91 

1.26 

1.81 

0.16 

0 50 

Musk i ngum 

1 .06 

27.96 

29.59 

1.50 

2.07 

2.84 

0.02 

0.55 

Kanawha,  Little  Kanawha 

10.24 

16  27 

6.05 

0.87 

1.31 

1.97 

E 

0.01 

0.36 

Guyandotte,  B'g  I-andy. 

Little  Sandy 

2 55 

1.50 

1.19 

1 .00 

0 23 

0.19 

E 

0.18  E 

0 22 

Scioto 

1.38 

)l  .89 

6.10 

1-50 

2.25 

3.20 

0-37 

1.30 

Little  Miami . Great  Miami 

1 .41 

15.62 

9.76 

1 .70 

2.70 

3.90 

0.25 

1 30 

Licking,  Kentucky,  Salt 

4.80 

26.80 

6.17 

1 .40 

2.69 

4.18 

0.13 

0 93 

Green 

3 21 

22.36 

5.84 

I . 10 

2 22 

3.52 

0.44 

1 40 

Wabash 

4.48 

65.26 

36.22 

3-60 

5.93 

8,45 

0.03 

2.20 

Cumberland 

5.90 

167.63 

129.92 

3.50 

6.65 

9 98 

1 90 

4.90 

5.14 

66.60 

119.87 

2_.il 

4.94 

7.56 

E 

0.19 

_Lfil 

total 

46.30 

691 . 12 

403.41 

21.76 

35.23 

51.79 

3.12 

14.85 

NOTE:  (I)  E * indicates  an  excess;  supply  Is  greater  than  demand. 


TABU  1} 


HUNTINfi  OCHANOS  AND  N£COS  6T  KmOLOGtC  SUB6A$(N.  I980  AMO  2020 
Re>ource> 


Total  Land 

Hunting  Land 

Actual  Use 

Demand 

Needs 

Hvdrninaic  Subbesin 

(Hi  1 1 ion  Acres) 

(Million  Acres) 

I960 

TgBT 

2020 

1980 

2020 

(Mi 

1 1 ions  of  Huntei 

Days) 

Al Ie9heny 

7.51 

1.13 

4.17 

4.52 

4 68 

0 34 

0.50 

Honon9ehcle 

4.40 

0.47 

1 .80 

2.35 

2.64 

0 51 

0 80 

Beaver 

1 .81 

0.10 

0,51 

0.55 

0 68 

£ o.oe^’’ 

0 05 

Muskingum 

4.79 

O.W 

0.57 

0.67 

0 78 

0 08 

0.19 

Kanawha,  Little  Kanawha 

9.40 

0.72 

2.16 

2.52 

2 61 

0 25 

0 34 

Guyandotte.  Big  Sandy, 
little  Sandy 

3.84 

0.04 

0.98 

0 84 

0 79 

0 04 

E 0.01 

Scioto 

3.94 

0.12 

0.53 

0 66 

0 86 

0 08 

0 28 

Little  Miami,  Great  Miami 

4.72 

0.01 

0.83 

1 06 

1 38 

0.21 

0 53 

Licking.  Kentucky,  Salt 

8.79 

0.21 

1.30 

1 .60 

1 89 

0,33 

0 62 

Green 

S.86 

0.01 

0.70 

0.83 

0 98 

0.12 

0.27 

Wabash 

21  .04 

0.  I4 

3.81 

4 43 

5 23 

0.60 

1 40 

Cumberland 

1 1 .49 

0.64 

1.20 

1.50 

1 .70 

0.30 

0.50 

Ohio  River  & Minor  Tribs 

16.34 

0.4S 

j 1 Q 

3.98 

4.37 

0.63 

1 0? 

TOTAL 

103.94 

4.21 

21.66 

25.51 

28.59 

3-41 

6 49 

NOTE:  (I)  E * indicates  in  excess:  supply  is  9reeter  tl^en  den^and. 


I 

I 
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TABLE  14 

OHfO  BASIN  WATERWAYS  CAPABILITY  AND  DEHAND  FOR 
WATER  TRANSPORT  IN  BILLION  TON-HILES  ANNUALLY 


Waterway 

Capab i 1 i ty 
of 

Waterways 
with  Going 
Program 
In  Place 

1965 

Traffic 

1980 

Gross 

2000 

Proiected  Demands 
2020 

Net 

2000 

2020 

Existing: 

Ohio 

34.0 

23.27 

42.0 

76.0 

127.0 

8.0 

42.0 

93.0 

Al  legheny 

.09 

.06 

.07 

.1 

.13 

- 

.01 

.04 

Monongaheia 

1.8 

1.79 

1.9 

2.2 

2.S 

.1 

.4 

.7 

Kanawha 

.9 

.71 

1.4 

2.7 

4.2 

.5 

1.8 

3.3 

Kentucky 

.03 

.02 

.06 

.12 

.21 

.03 

.09 

.18 

Green -Barren 

2.0 

1.03 

1.9 

3.2 

4.1 

- 

1 .2 

2.1 

Cumberland 

— Jii 

■ 8 

-UZ- 

—hL. 

.02* 

.1* 

.2* 

Total 

42.62 

!LJi 

48.13 

86.02 

141.34 

8.65 

45.50 

99.52 

Potential : 
Lake  Erie-  | 
Ohio  River 

0.6 

3.1 

3.5 

0.6 

3.1 

3.5 

Big  Sandy - 
Levisa  Fork 

. 

.25 

.45 

.65 

.25 

.45 

.65 

Wabash 



■32 

— LO- 

-Ui 

Total 

—I — 

-LJ2 

.*!,S2 

6.05 

Ui 

Jhii 

6.05 

Grand  total 

42.62 

27.33 

49.30 

90.54 

147.39 

9.82 

50.12 

105.57 

* Upper  river  estenslon  only. 

^Oete  ere  for  Ohio  Bosfn  section  only. 


Li 
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TABLE  15 

SUHnAKY  OF  CORPS  OF  ENGINEERS  PROJECTS  IN  THE  GOING  PROGRAM^ 
HP-ief  Protection  Pr< 


Drainage  Area 
Control  led 


Flood  Control 
Storage 


Length  of 

Channel  improvements 


Subbasin 

Number 

(So  Mil 

(1.000  Ac  Ft) 

($  Mi i lion) 

Number 

(Mi  las) 

(Mi les) 

(S  Mi  1 1 ion) 

Numbe  r 

(S  Mill  ion) 

(S  Million 

A 1 1 egheny 

10 

5.317 

1 .712.8 

213.9 

14 

20.3 

3^.7 

39.3 

1 1 

1.14 

25‘‘.3 

Monongahela 

2 

1,618 

429.0 

29.3 

3 

0.7 

17.3 

16.4 

7 

0.32 

48.0 

Beaver 

4 

1 .016 

302.9 

59.8 

2 

- 

6.4 

4. 1 

- 

- 

63.9 

Muskingum 

16 

5.060 

1.603.7 

76.3 

4 

5.0 

10.6 

10. 1 

2 

0.06 

86.5 

Little  Kanawha 

- 

- 

- 

- 

- 

- 

- 

• 

1 

0.03 

- 

Hocking 

1 

33 

17.6 

3.0 

- 

- 

- 

- 

- 

- 

3.0 

Kanawha 

3 

5.905 

1 .252.1 

113.7 

3 

- 

10.9 

1.9 

4 

0.25 

115.8 

Guyanctotte 

1 

540 

I8l  .7 

82.7 

1 

- 

- 

0.2 

- 

- 

82.9 

Big  Sandy 

4 

842 

339.3 

88.5 

I 

0.4 

- 

1 . 1 

3 

0.46 

90.1 

Scioto 

5 

1.965 

571.4 

100.0 

- 

- 

- 

- 

- 

100.0 

Little  Miami 

2 

579 

359.1 

49.8 

- 

- 

- 

- 

- 

49.6 

Great  Miami 

2 

461 

247.6 

‘♦3.9 

- 

- 

- 

- 

- 

i*3.9 

Licking 

1 

826 

438.5 

28.9 

- 

- 

- 

- 

- 

- 

28.9 

Kentucky 

5 

1,663 

910.4 

88.3 

2 

0.7 

Minor 

0.2 

3 

0.27 

86.8 

Sal  t 

- 

- 

- 

- 

1 

8.1 

- 

0.4 

3 

0.05 

0.5 

Green 

4 

2.779 

2.051 .9 

79.7 

1 

- 

64.0 

(3) 

2 

0.06 

79.8 

Wa bash 

6 

3.016 

1 .321 .0 

74.9 

17 

184.6 

5.0 

37.1 

4 

0.32 

112.3 

Cumber  land 

6 

17.598 

5.031 .0 

367.5 

5 

6.3 

6.6 

7.0 

1 

0.58 

375.1 

Minor  Tribs 

4 

‘‘37 

214.3 

60.2 

5 

15.8 

53.6 

13. !♦ 

15 

2.00 

75.6 

Ohio  River 

. 

. 

. 

no. 3 

2.4 

125.9 

. 

. 

125.9 

TOTAL 

76 

‘♦9.655 

16.984.3 

1 .560.4 

86 

372.2 

206.5 

259.1 

56 

5.56 

1 .825.1 

NOTES:  (I)  Includes  those  Corps  of  Engineers  projects  constructed,  under  construction,  and  in  advanced  planning  as  of  July  I965> 

(2)  Does  not  include  5 detention  type  flood  control  reservoirs  and  local  protection  projects  at  12  communities  constructed  by  the  Niami  Conservancy 
Great  Miami  subbasin.  The  5 reservoirs  have  a capacity  of  8^1,000  acre-feet  for  flood  control  and  the  local  protection  projects  include  approxi 
of  levees  and  4}  miles  of  channel  improvement. 

(3)  Cost  of  channel  improvement  included  in  reservoir  costs. 


Olsirici  in  the 
mate  ly  53  ics 


TABLE  16 

SUMMARY  OF  WATERSHED  PROJECTS  IN  THE  GOING  PROGRAM^ 


Area 

of 

Watersheds 


Drainage 

Area 

Control  led 


Sediment  f loodwat 


Estimated 

Channel  Flood  Flood 

Improve-  Prevention  Plain 

ments  Cost  Area 

1.000) 


A 1 legheny 

4 

492 

27 

I80 

1 ,241 

26.298 

25.863 

53.402 

296 

6.050 

31 

3.488 

12.096 

Monongahela 

7 

124 

30 

46 

1 .043 

7.764 

760 

9.587 

195 

785 

16 

3.339 

2.328 

Beaver 

2 

120 

10 

64 

281 

7.831 

2.505 

10.617 

33 

1.575 

- 

1 .726 

540 

Muskingum 

1 

166 

9 

39 

406 

6.294 

2,767 

9.467 

107 

944 

33 

2,030 

10.300 

Little  Kanawha 

2 

64 

6 

20 

316 

4,040 

147 

4.503 

40 

213 

6 

984 

1.168 

Hocking 

2 

286 

31 

121 

6.593 

18.426 

2.252 

27.271 

517 

2.660 

28 

5.237 

14.063 

Kanawha 

5 

87 

19 

21 

385 

4.188 

525 

5.098 

85 

459 

23 

2.072 

2.437 

Great  Miami 

2 

80 

1 1 

26 

266 

5.450 

101 

5.817 

33 

360 

22 

1.562 

2.650 

Licking 

1 

27 

2 

2 

35 

330 

- 

365 

14 

57 

4 

42 

817 

Kentucky 

1 

24 

- 

- 

- 

- 

- 

- 

• 

- 

6 

165 

336 

Salt 

I 

37 

12 

1 1 

304 

2,163 

■ 

2,467 

70 

258 

21 

343 

1.253 

Green 

12 

1.293 

89 

509 

12,855 

73,592 

18.075 

104,522 

2.520 

8.577 

206 

<2.968 

52.419 

Wa bash 

16 

1.253 

78 

350 

8,180 

55.072 

<9.019 

82.271 

1 .819 

8.781 

306 

14.650 

48.301 

Cumberland 

6 

306 

24 

151 

2.472 

16.582 

3.674 

24,726 

323 

2,084 

48 

4.200 

8.385 

Minor  Tribs 

_li 

999 

9.659 

54.174 

a*Ji2 

?-3.94S 

7-190 

fcJio 

m 

13.175 

47.952 

TOTAL 

74 

5. 380 

440 

1,874 

44.036 

284,204 

84.820 

413.060 

8,242 

39.673 

961 

66.181 

205.045 

NOTES:  (I)  includes  these  Soil  Conservation  Service  projects  authorized  as  of  July  1965. 

(2)  To  crest  of  emergency  splUwey, 

(3)  Storage  for  beneficial  uses  other  than  flood  prevention. 


TABLE  17 


W- 


NON-FEOEML  IHPOUNOnENTS^'^ 


AILECHEWT 

Ed i nboro  L*ke 

LAke  t rene 

Riley  Run  Dem 

Yel  loM  Creek  Perk  OeiK 

Two  Lick  Creek  Dem 

Indian  Lake 

Beaver  Run 

Bull 

Tamarack  Lake 
Piney 

Quemahon i 09 
Lake  Chautauqua 

HONONCAHELA 

Deep  Creek  Lake 
High  Point  Lake 
Lake  Somerset 
Lake  of  Woods 
Lake  Lynn 

beaver 

Moraine  State  Park  Dam 
Pymatuni  ng 

Upper  Crooked  Creek  Dam 

Lake  Latonka 

Deer  Creek 

Evans  Lake 

Lake  Gi rard 

Lake  Hami I ton 

Liberty  Lake 

McKelvey  Lake 

Meander  Creek 

Lake  Mi  1 ton 

Pine  Lake 

MUSKINGUM 
Barberton 
Buckeye  Lake 
Clear  Fork 
Lake  Dorothy 
Knoa  lake 
Nimisi la 
Chippewa  Lake 
Mohawk  Lake 
East 

Turkey  Foot  Lake 
Sal t Fork 

HOCKING 
Dow  Lake 
Lake  Logan 

KANAWHA 
Byl  lesby 
Gatewood 
Claytor  Lake 
Little  Ri ver 
Plum  Orchard  Lake 
Steven  Branch  Lake 
Buckley  Water  Company 
Flat  Top  Lake 
Hawks  Nest 

SCIOTO 

Jul ian  Griggs 
Haninertown  Lake 
Hargus  Lake 
Hoover 

O'Shaughnessy 
Rock  Fork 
Lake  Whi te 
Lake  Choctaw 

LITTLE  MIAMI 
Cowan  Lake 
Shawnee  Lake 

GREAT  MIAMI 
Englewood 
Germantown 
Huffman 
Taylorsvi I le 
Lockington 
Acton  Lake 
Indian  Lake 
Ki  ser  Lake 
Lake  Loramia 
Richfnond  Water  Works 
Lake  Santee 

LICKING 

Campbell  County  Lake 
Falmouth 

Wl 1 1 lamstown  Lake 


Blue  Grass  Ordnance 
Herrington  Lake 
Campion  Lake 
Fishpond  Lake 

•each  Creek  Lake 


Drainage  Area 
Control  led 
(So  Hi) 

Puroose^^^ 

Total 
Storage 
(Ac  Ft) 

Surface 

Area 

(Acres) 

16  2 

R 

240 

1 4 

R 

255 

0.8 

M 

232 

52  6 

R 

740 

74 

MP 

500 

14.9 

R 

750 

43.2 

H 

1.125 

1.2 

M 

245 

5.** 

FH 

556 

957 

P,R 

690 

9.2 

M 

32.766 

900 

188  4 

13.570 

P 

106.060 

3.900 

3.7 

FH 

342 

FH 

253 

R 

1 .000 

96 

P.R 

72.300 

1 .729 

53 

R 

3.200 

160 

F.LF.P 

194.000 

16,420 

13.6 

R 

235 

12.7 

M 

320 

36  5 

M 

3.100 

313 

10.3 

M 

8.497 

566 

12.2 

M 

2.760 

185 

14  1 

H 

2.270 

104 

3 8 

H 

1 .825 

99 

8.5 

M 

3.310 

125 

86. S 

M 

30.675 

2.010 

276 

LF 

21.600 

1 .685 

4.4 

M 

2.653 

474 

26.8 

M 

670 

200 

49.2 

R 

19.940 

2.853 

34 

M 

10.760 

997 

13.8 

H 

1 .058 

100 

31 

R 

495 

V9-3 

M 

9.500 

211 

R 

322 

6 1 

R 

7.900 

500 

M.R 

201 

M.R 

318 

160 

F.M.R 

6.900 

7.3 

R 

1 .864 

■ 53 

14.8 

R 

340 

1.310 

P 

3.540 

335 

15. *♦ 

P 

3.630 

162 

2.382 

P 

232.000 

4.540 

337 

P 

1 .020 

M3 

2.625 

R 

202 

2.447 

R 

8.000 

303 

16,000 

M 

1 .228 

1 10 

4.272 

R 

225 

6.880 

P 

6.100 

1 .052 

H.R 

3.450 

363 

H.R 

4.600 

176 

6.5 

R 

2.800 

146 

190 

H,R 

60.480 

2.825 

997 

M,R 

13.125 

829 

115 

R 

34.100 

2,020 

37  4 

R 

3.734 

337 

25 

R 

2.800 

260 

SI  3 

R 

12.000 

720 

10  4 

R 

2.550 

190 

646 

312.000 

Ory 

275 

F 

106.000 

Dry 

632 

F 

167.000 

Ory 

MSS 

F 

186.000 

Ory 

261 

F 

70.000 

Ory 

101  .7 

R 

9.400 

625 

1 10 

R 

45.900 

5.065 

8.7 

R 

3.281 

386 

70 

R 

13.000 

807 

H 

6.190 

175 

4.63 

R 

2.710 

250 

R 

3.500 

200 

R 

200 

R 

305 

H 

1.530 

H.P.R 

1.000 

0 5 

R 

1 .000 

35 

R 

1.500 

40 

1 -9 

H.R 

1 ,400 

60 

1 


TABLE  17  (Cont'd) 
NON'FEDERAL  IHPOUMOHENTS 


Dr«in«ge  Area 
Control  led 

Sghttatin  and  Aetervoir  tSo  Hi) 

&ALT 

Lake  $>>np&on 
Beaver  Creek  lake 
Gui»t  Creek  lake 

GBEEN 

Campbe 1 1 $vi I le 
WABASH 

Grand  Lake  St.  Marys  1 18 

Bradford  Woods  Lake 

Cordry  Lake 

Geist 

Glendale 

Grandview  Lake 


Hoi iday  Lake  5.6 

Huntingburg  City  Lake  2.03 

Ken-Ray  Lake  1.80 

Lake  Greenwood 

Lake  Lemon  63.5 

Lamb  Indian  Creek  9-3^ 

Morse  216 

Muncie  Water  Works  '7 

Princess  East  Lake  31.6 

Lake  Vermilion  298 

Lake  Charleston 

Lake  Mattoon  55.6 

Lake  Sara  1 1 .8 

Stephen  A.  Forbes  Lake 

CUMBERLAND 

Cranks  Creek  Lake  25 

MINOR  TRIBUTARIES 

Grant  Lake  25.5 

Lake  Hope  10 

Jackson  Lake  19 

J . C . Bacon  Dam  1 5 >7 

Tycoon  Lake  ' 

Barnesvi  He  5.6 

Gui 1 ford  Lake  ^0.9 

Salem  0.8 

Greenbo  Lake 
Doe  Run  Lake 
Pennyri ie  Lake 
Lake  Brashear 
Batesville  Water  Works 

Sal  ida  Lake  5.7 

Versailles  State  Park  Lake 

lake  of  Egypt  V* 

Open  Pond 

E I dorado  3 > I 

Harrisburg  New  North  5.^ 

Horeshoe  Lake 
Mermet  Lake 


NOTES:  (1)  Limited  to  those  projects  which  have  a total  si 

area  of  200  acres  or  greater. 


Puroose^^^ 

Total 
Storage 
(Ac  ftl 

Surface 

Area 

(Acres) 

M.R 

7.000 

250 

R 

3.500 

165 

M.R 

325 

M 

2.^85 

R 

90,000 

12,800 

R 

1 .200 

1 10 

R.M 

6.320 

169 

M 

21 ,000 

1 ,800 

M 

20,400 

1.313 

R 

324 

R 

2.435 

168 

M.R 

2,000 

180 

R 

2.083 

84 

M.R 

800 

M 

13.350 

1.536 

R 

7.250 

309 

M 

21 .000 

1 .430 

M 

r.275 

R 

7.000 

M 

5.472 

655.9 

M 

358.6 

M 

10.400 

765.4 

M 

13,800 

586 

R,WL 

585 

R 

10.000 

200 

R 

1.190 

221 

R 

1 .506 

120 

R 

1 .700 

243 

M 

409 

R 

2,000 

1.954 

204 

M 

98 

» 

2,510 

326 

H 

2,086 

115 

R 

225 

R 

200 

R 

1 ,000 

55 

M.R 

9.000 

857 

M 

2,100 

200 

M 

1 .030 

74 

M.R 

2.970 

266 

CW 

42,550 

2,400 

554.3 

M 

1 .074 

97.8 

M 

2.763 

202.5 

R.WL 

2.400 

R 

690 

of  1 ,000  acre-feet  o 

r greater  and/or 

have  a surface 

(2)  Purpose:  F 

FH 
M 

CW 

LF 

R 

P 

WL 

MP 


Flood  control 

Fish  propagation 

Water  supply 

Cool i ng  water 

Low  flow  augmentation 

Recreation 

Power 

Wildlife 

Mechanical  water  power 


TA6LE  18 


NON-FEOERAL  LOCAL  FLOOD  PROTECTION  PROJECTS 


Subbasin  «nd  Project  Locetion 

Countv 

Status 

ALLEGHENY 

Windber,  Pe.,  Paint  Creek  and  Seese  Run 

Somerset 

Completed 

Canadohia  Lake,  Pa.,  Hilt  Run 

Crtwfoni 

Completed 

Tionesta,  Pa.,  Council  Run 

Forest 

Completed 

Brockway,  Pa.,  Little  Toby  Creek 

Jefferson 

Completed 

Smethport,  Pa.,  Marvin  and  Potato  Creeks 

McKean 

Completed 

Cloudersport , Pa.,  Allegheny  River  and  Mill  Creek 

Potter 

Completed 

Warren,  Pa.,  Glade  Run 

Warren 

Completed 

Meadvriie,  Pa.,  Mill  Run 

Crawford 

Under  Construction 

Warren,  Pa.,  Indian  Hollow  Run 

Warren 

Under  Construction 

MONONGAHEU 

Creensburg,  Pa.,  Jacks  Run 

Westmoreland 

Completed 

Jeannette,  Pa.,  Brush  Creek 

Westmoreland 

Completed 

Jeannette,  Pa.,  Bull  Run  D«n 

Westmoreland 

Completed 

Rockwood,  Pa.,  Casselman  River  and  Coxes  Creek 

Somerset 

Under  Construction 

Confluence,  Pa.,  Youghiogheny  and  Casselman  Rivers 
and  Laurel  Hi  1 1 Creek 

Somerset 

Under  Construction 

BEAVER 

West  Middlesex,  Pa.,  Hogback  Run 

Mercer 

Completed 

HOCKING 

Hocking  River  and  Rush  Creek  Levees,  Ohio 

F rank  1 i n 

Completed 

Lancaster,  Ohio,  Hocfcfng  River 

Frink ) fn 

Completed 

SCIOTO 

Columbus,  Ohio,  Scioto  River 

F rankl in 

Completed 

Blacklick  Estates  Levees,  Ohio  Blacklick  Creek 

FrankI in 

Completed 

GREAT  MIAMI 

Piqua,  Ohio,  Great  Miami  River 

Miami 

Completed 

Troy,  Ohio,  Great  Miami  River 

Miami 

Completed 

Tipp  City,  Ohio,  Great  Miami  River 

Miami 

Comp  1 a t ed 

Miami  Ohio  Villa,  Great  Miami  River 

Montgomery 

Completed 

Dayton,  Ohio,  Great  Miami  River 

Montgomery 

Completed 

Moraine,  Ohio,  Greet  Miami  River 

Montgomery 

Comp leted 

West  Carrollton,  Ohio,  Great  Miami  River 

Montgomery 

Completed 

Miamisburg,  Ohio,  Great  Miami  River 

Montgomery 

Completed 

Franklin,  Ohio,  Great  Miami  River 

Warren 

Completed 

Middletown,  Ohio,  Great  Miami  River 

Butler 

Comp  1 e t ed 

Dicks  Creek,  Ohio 

Butler 

Completed 

Hamilton,  Ohio,  Great  Miami  River 

Butler 

Completed 

WABASH 

Indianapol I s , Ind.,  White  River 

Marion 

Completed 

Indianapolis,  Ind.,  Eagle  Creek 

Marion 

Under  Construction 

Numerous  agricultural  levees  completed  by  local 
Interests  which  provide  various  degrees  of 
protection 

OHIO  RIVER  MINOR  TRIpV^ARIES 

Darlington,  Pa.,  Little  Beaver  Creek 

Beaver 

Completed 

Shawneetown,  III.,  Ohio  River 

Cal latin 

Completed 

CORPS  OF  ENGINCERS  RESERVOIRS  IN  THE  GOING  PROGRAM 


Jut  65^^^ 
Status 

Drainage 

Area 

Storaae  Caoecitv  (1.000  Ac  Ft] 

Subbasin  and  Reservoir^*) 

Puroose^^^ 

Control  led 

(sq  "i) 

Mini  mum 

Flood 

Conservation  Power  Control 

Total 

Area  of  Pool  (Acres) 

Miniwun'  Conservation  Power  Total 


ALLEGHENY 


Al  legheny 

UC 

F.Q.R 

2,180 

24.0 

216. Ow... 

940  Ow 

1,180.0 

1 .900 

12,080 

21 . 180 

549.0s 

607.0s 

Conemaugh  River 

C 

F,R 

1 .351 

4.0 

270.0 

274.0 

300 

6.280 

Crooked  Creek 

C 

F,R 

277 

4.5 

89  4 

93.9 

350 

1 .9N0 

E Br  Clarion 

C 

P.Q.R 

72 

1 .0 

44. 6w 

38. 7w 

84.3 

90 

1 , 160 

1.370 

64.3s 

19. Os 

Loyal hanna 

C 

F,R 

290 

2.0 

93.3 

95  3 

210 

3.280 

Mahoning  Creek 

C 

F.R 

3>*0 

4.5 

69.7 

74.2 

170 

2.370 

Muddy  Creek 

AP 

F 

61 

- 

19.6 

19.6 

- 

- 

Tionesta 

C 

f ,R 

478 

7.8 

125.6 

133.4 

480 

2.770 

Union  City 

AP 

F 

222 

- 

47.6 

47.6 

- 

- 

Woodcock  Creek 

AP 

F.O.R 

46 

0.8 

0.3w 

18. 9w 

20  0 

100 

775 

3.9s 

15.3s 

ONONGAHELA 

Tygarl 

C 

F,N,R 

1,184 

9.7 

Ow 

278. Ow 

287.7 

620 

1 ,740 

3.430 

99.9s 

178.1s 

Youghiogheny 

C 

F,Q,R 

434 

5.2 

97. 8w 

1 5 1 . Ow 

254.0 

450 

2,840 

3.570 

149.3s 

99.5s 

lEAVER 

8er1  in 

C 

F,M,Q,R 

249 

1.8 

33. 6w 

55. 8w 

91 .2 

240 

3.590 

5.500 

56.6s 

32.8s 

MosQui to  Creek 

C 

F.M.Q.R 

97 

2.0 

69. 1w 

33.  Ow 

104.1 

700 

7.850 

8.900 

80. 4s 

21.7s 

Shenango 

UC 

F.Q.R 

589(5) 

11.5 

Ow 

I80-9w 

192.4 

1 .910 

3.560 

11.090 

29.9s 

151 .Os 

West  Branch 

UC 

F.M.Q.R 

80.5 

3.8 

41 .7w 

33. 2w 

78.7 

570 

2.650 

3.240 

52.9s  22.0s 


MUSKINGUM 


Atwood 

C 

F.R 

70 

23.6 

Beach  C<  ty 

c 

F.R 

300 

1.7 

Bo  1 i va  r 

c 

F 

502 

- 

Charles  Mill 

c 

F.R 

216 

7 4 

C lendening 

c 

F,R 

70 

26.5 

Oi 1 Ion 

c 

F,R 

748 

13.1 

Ow 

4.4s 

Dover 

c 

F ,R 

1 .397(6) 

1 .0 

Leesvt \ te 

c 

F.R 

48 

19.5 

Mohawk 

c 

F 

1.501(7) 

- 

Mohi canvi 1 le 

c 

F 

269 

- 

N Br  Kokosing 

AP 

F.R 

44.5 

0.7 

Piedr>ont 

C 

F.R 

84 

34.5 

P leasan t Hill 

c 

F.R 

199 

13.5 

Senecavi 1 le 

c 

F,R 

121 

43.5 

Tappan 

c 

F.R 

71 

35.1 

Wills  Creek 

c 

F.R 

844 

6.0 

HOCKING 

Tom  Jenkins 

c 

F.M.R 

32.8 

3.5 

5.8 

KANAWHA 

Bluestone 

c 

F.R 

4.565 

30.9 

Ow 

5.6s 

Sunmersvi 1 le 

UC 

F.Q.R 

803 

23.0 

Ow 

163. 4s 

Sutton 

c 

F.Q.R 

537 

4. 1 

Ow 

60.1s 

GUYANDOTTE 

R 0 Bai ley 

AP 

F.Q.R 

540 

22.0 

Ow 

12.2s 

BIG  SANDY 

Oewev 

C 

F,R 

207 

12.3 

Ow 

4.9s 

F > sht  rap 

UC 

F.Q.R 

395 

10.6 

Ow 

27.2s 

J W F lannagan 

UC 

F.Q.R 

222 

12.0 

38. 6w 

55. ii 

North  Fork  Pound  River 

UC 

F,R 

17.6 

1.9 

Ow 

1.3s 

SCIOTO 

Big  Darby 

UC 

F.R, 

448 

7.4 

Deer  Creek 

UC 

F.R, 

278 

6.4 

Ow 

14.6s 

Delaware 

c 

F.Q.R 

381 

8.4 

Ow 

5.6s 

Paint  Creek 

UC 

F,R 

573 

8.9 

Salt  Creek 

AP 

F.R 

285 

6.3 

Ow 

11.5S 

Caesar  Creek 

AP 

F.M.Q.R 

237 

13.3 

80. 4w 

88.7s 

East  Fork 

AP 

F.M.Q.R 

342 

19.0 

65. 2w 

157.8s 

GREAT  MIAMI 


F.M.R 

379 

55.6 

89. 3w 
128.4s 

F.Q.R 

82 

9.9 

20. 9w 

27.0s 

26. 1 

49.7 

.540 

70.0 

71.7 

420 

149.6 

149.6 

- 

80.6 

68.0 

1 .350 

27.5 

54.0 

1 .800 

260. 9w 

274.0 

1.330 

1.560 

256.5s 

202.0 

203.0 

350 

17.9 

37.4 

1 ,000 

285.0 

265.0 

- 

102.0 

102.0 

- 

14.2 

14.9 

98 

32.2 

66.7 

2.310 

74.2 

87.7 

850 

45.0 

88.5 

3.550 

26.5 

61 .6 

2.350 

190.0 

196.0 

900 

17.6 

26.9 

394 

664 

600. Iw 

549.5s 

631 .0 

1 .800 

1 .970 

390. 8w 
277.4s 

413.8 

407 

2.723 

261 .2w 
201.1s 

265. 3 

270 

1.520 

181 .7w 
169.5s 

203.7 

440 

630 

81  .Ow 
76.1s 

93.3 

860 

1 .100 

153. 8w 
126. 6s 

164.4 

590 

1.131 

95. Iw 
78.6$ 

145.7 

310 

1.143 

9.4w 

8.1s 

11.3 

106 

154 

121 .6 

129.0 

661 

96. Iw 
81.5s 

102.5 

727 

1.277 

123. 6w 

lie. Os 

132.0 

950 

1.300 

136.1 

145.0 

710 

94. Ow 
88. 3s 

100.3 

833 

1.233 

146. 5w 
140.2s 

242.2 

700 

2.830 

210. 6w 
1 18.0s 

294  8 

820 

2,160 

214. 7w 
175.6s 

359.6 

2.250 

5.260 

32  9f 

26  8s 

63  7 

1 .010 

2.120 

2.I46O 

6,150 

6.050 

2.620 

10.280 

10,100 

I .i'70 


I . lUO 
3.270 
2.600 
5.170 

3.100 
1 1 .U50 


9.180 

‘♦.920 

3.875 


2.850 


3.3‘‘0 

2.631 

2.0?8 

3N9 


**.538 

k.Ohb 

8.700 

N.760 

3.969 


6.110 


>•.600 


7.790 


Clarence  J . Rrotm 


2.720 


table  19  (Cont'd) 

CORPS  or  ENGINEERS  RESERVOIRS  IN  THE  GOING  PROCRAH 


Dr* in«ge 

Are*  Stor*ae  C*o*cltv  (I.OQO  Ac  Ftl 


Subb«sin  end  Reservoir^*^ 

Jul  65^ 
Status 

Puroose^^^ 

Control  led 
(So  Hi) 

Mini mum 

Conservation 

PoMer 

Flood 

Control 

Tote  1 

Hi  n ImufT 

Are#  of  Pool 
Conservet ion 

PoMer 

Total 

LICKING 

Ceve  Run 

UC 

F.Q.* 

826 

147.3 

28  3m 

438.5m 

614.1 

6,790 

8.270 

14.870 

75-38 

391  5s 

I^NTUCKY 

Boonevt 1 le 

AP 

P.Q.R 

686 

37.7 

31 .3w 

404. Om 

473.0 

1 .900 

3.064 

6,980 

70.3s 

365.0s 

Buckhorn 

C 

F,R 

408 

10.3 

Ow 

157.7m 

168.0 

550 

1.230 

3.610 

21.7s 

136.0s 

Cerr  Fork 

UC 

F.Q.R 

50 

11.8 

4.2m 

31.7m 

47.7 

530 

710 

1 . 120 

11.7s 

25.2s 

Eegle  Creek 

AP 

F,M,Q,R 

292 

15.4 

55.1m 

197.0m 

267.5 

950 

3.600 

8.180 

151 .6s 

100.5s 

Red  River 

AP 

F.H.Q.R 

219 

12.0 

54.0m 

120.0m 

186.0 

600 

2,110 

3. 140 

65.0s 

109.0s 

GREEN 

Berren  River 

C 

F,M,R 

940 

45.9 

0.7m 

768.6m 

815.2 

3.414 

10,000 

20.150 

210.5s 

558.8s 

Green  River 

UC 

F.O.R 

682 

98.1 

64.5m 

560  6m 

723.2 

5.070 

8.200 

19.100 

146.0s 

479.1$ 

Nol in  River 

C 

F,M,Q,R 

703 

39.3 

161 .6m 

408.5m 

609.4 

2.070 

5.800 

14.530 

292.5s 

277.6s 

Rough  River 

C 

F.R 

4$4 

20.2 

Om 

314.2m 

334.4 

1 .700 

5.100 

10,260 

99.8s 

214.4s 

WABASH 

Cagles  Hill 

c 

F,R 

295 

27.1 

201  .0 

228.1 

1 ,400 

4.840 

Hunt ington 

UC 

F.R 

702 

4.1 

Om 

149.0m 

153.1 

500 

900 

7.900 

8.4s 

140.6s 

Hensf i eld 

c 

F,R 

216 

16.2 

Om 

116.6m 

132.8 

1.100 

2.060 

3.910 

33.1s 

83.5s 

Hi  ssi ssinewa 

UC 

F,R 

809 

23.3 

Om 

345.1m 

368.4 

1.280 

3.  >80 

12.830 

51.9s 

293.2s 

Hon roe 

c 

F,M,R 

441 

22.3 

159.9 

258.8 

44l  .0 

3.280 

10.750 

18.450 

Salamonie 

UC 

F,R 

553 

13.1 

Om 

250.5m 

263.6 

976 

2,860 

9.340 

47.6s 

202.9s 

CUMBERLAND 

Barkley 

UC 

P,F,N,R 

17.598 

610.0 

Om 

1 . 472.0m 

2,082.0 

45.210 

57.920 

93.430 

259.0s 

1 ,213.0s 

Center  Hill 

c 

P,F,R 

2.195 

838.0 

492.0 

762.0 

2,092.0 

14.590 

18.220 

23.060 

Dele  Hollo 

c 

P,F,R 

935 

857.0 

496.0 

353.0 

1 ,706.0 

21,880 

27.700 

30.990 

J . Percy  Priest 

UC 

P.F.R 

865 

268.0 

34.0m 

350.0m 

652.0 

10.570 

14,200 

22.720 

90.0s 

260.0s 

Laurel 

UC 

282 

250.6 

165.0 

- 

435.6 

4.200 

6.060 

6,060 

Wolf  Creek 

c 

P.F.R 

4.709 

1.853.0 

2,142.0 

2,094.0 

6,089.0 

35.820 

50.250 

63.530 

L|TTL£  SANDY 

Grayson 

UC 

F.Q.R 

196 

15.4 

3. 3m 

100.3m 

1 19.0 

1 .050 

1 .500 

3.620 

14. Os 

89.6s 

HILL  CREEK.  OHIO 

West  Fork 

c 

F,R 

29.5 

1.5 

9.9 

1 1 .4 

183 

557 

TVELVEPOLE  CREEK.  W VA 

Beech  Fork 

AP 

F,R 

78 

4.2 

Om 

33. 3m 

37.5 

450 

720 

1 .830 

4 9s 

28.4s 

East  Lynn 

UC 

F.R 

133 

11.7 

Om 

70.8m 

82.5 

823 

1 .005 

2.351 

S.Ss  6S.3S 


NOTES: 


(1)  Includes  projects  constructed,  under  construction,  or  In  *dv*nced  plcnning  *s  of  July  1965. 

(2)  Stetus:  C'Completed,  UC'Under  Construction,  AP-Adv*nced  Plenning. 

(3)  Purpose:  r*flood  Control,  O'Weter  Quetlty.  H-Weter  Supply.  P*Power,  R>Recreetion,  N>N*vi g*t Ion. 

(k)  wwinter,  S'Sunvner. 

(5)  Includes  158  sguere  miles  controlled  by  Pymetuning  Reservoir,  * non-Feder*l  project. 

(6)  Includes  620  s<iu*re  miles  controlled  by  Attrood.  Bol!v*r  end  Leesville  Reservoirs. 

(7)  Includes  66i«  sguere  miles  controlled  by  Cherles  Mill.  Pleesent  Hill  end  HoKIcenvIlle  Reservoirs. 

(6)  Includes  8.698  souere  miles  controlled  by  Center  Hill,  Dele  HoMom,  J.  Percy  Priest,  L*urel  *nd  Wolf  Creek  Reservoirs. 
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WATERSHED  PROJECTS  IN  THE  GOING  PROGRAM 


Subbasin  and 
Watershed  Project 

ALLEGHENY 

Hill  Run , Pa 
Sandy  Creek,  Pa 
Conewango  Creek,  NY 
Ischua  Creek,  NY 

HONONGAHELA 

Little  Youghiogheny , Md 
Dunlap  Creek,  Pa 
Polk  Creek,  W Va 
Upper  Deckers  Creek,  W Va 
Sale«n  Fork,  W Va 
Shooks  Run,  W Va 
Peck's  Run,  W Va 

BEAVER 

Saul-Mathay,  Pa 

Little  Shenango  River,  Pa 

MUSKINGUM 

Chippewa.  Ohio 

LITTLE  KANAWHA 

Bond's  Creek,  W Va 
Saltl ick  Creek,  w Va 

HOCKING 

Rush  Creek.  Ohio 
Upper  Hocking,  Ohio 

KANAWHA 

BrvistN  Creek,  W Va 
Dave's  Fork-Christlan's 
Fork.  W Va 
Marlin  Run.  W Va 
Back  Creek,  Va 
Big  Di tch  Run.  W Va 

GREAT  MIAMI 

Dick's  Creek-Little  Muddy 
Creek,  Ohio 

East  Fork  Buck  Creek.  Ohio 
LICKING 

Twin  Creek,  Ky 
KENTUCKY 

Red  River,  Ky 
SALT 

Pliin  Creek,  Ky 
GREEN 

Beaver  Creek , Ky 
Big  Muddy  Creek,  Ky 
Big  Reddy  Creek,  Ky 
Caney  Creek,  Ky 
East  Fork  Pond  River,  Ky 
Line  Creek,  Tcnn  fr  Ky 
Mud  River,  Ky 
Short  Creek,  Ky 
Upper  Green  River,  Ky 
Upper  North  Fork  Rough 
River,  Ky 
Valley  Creek.  Ky 
West  Fork  Pond  River,  Ky 

WABASH 

Upper  Wabash,  Ohio 
Busseron,  Ind 
Stucker  Fork,  Ind 
Dewitt  Creek,  Ind 
Bachelor  Run,  Ind 
K ickapoo  Creek  , Ind 
Lattas  Creek,  Ind 
Little  Wea  Creek , Ind 
Prairie  Creek-Vigo,  Ind 
Prairie  Creek-Davless , Ind 
Elk  Creek,  Ind 
French  Lick,  Ind 
Boggs  Creek,  Ind 
Twin  Rush,  Ind 
Mill  Creek'Ful ton , Ind 
Scattering  Fork,  1 1 1 


Purpo,.<'> 

Project 
Area 
(So  Mi) 

Nun<ber  of 

Drainage 

Area 

Control  led 
(So  Mil 

Storaae  (A 

sMl 

Other  Uses 

Toiei 

Channel 
Improve- 
<nenls 
IM. lesl 

FP.FtWL 

12.2 

U 

8.7 

99 

2,776 

2.716 

5.591 

FP.FCWL 

65.6 

2 

58.6 

133 

5.3k9 

19.875 

25.357 

FP.FfrWL 

297.0 

13 

68.3 

657 

10,616 

1 .700 

12.973 

30.9 

FP.FtWL.R 

117.0 

8 

k}.8 

352 

7.557 

1,572 

9.k8l 

.15 

FP 

41  .0 

6 

14.4 

223 

3.003 

3.226 

1 .6 

FP.FtWL 

16.5 

4 

8.6 

151 

1.227 

780  2,156 

.2 

FP 

11.4 

8 

6.6 

253 

1.528 

1 ,78i 

FP 

31  .1 

5 

14.6 

389 

1 .651 

2.040 

7.2 

FP 

FP 

FP 

8.3 

3.0 

12.8 

7 

2.1 

27 

355 

382 

7 

6.0 

FP 

6.1 

2 

3.0 

29 

585 

614 

FP,R 

113.7 

8 

60.8 

252 

7,246 

2.505 

10,003 

FP,R 

188.0 

9 

39.0 

406 

6.294 

2.767 

9.467 

33.2 

FP.FfrWL 

14.7 

1 

.5 

1 1 

86 

147 

244 

5.8 

FP 

49.5 

5 

19.7 

305 

3.954 

4.259 

FP.R.Mtl 

236.7 

23 

96.4 

6.238 

9. 716 

2.252 

18.206 

22.1 

FP 

49.1 

8 

24.4 

355 

8.710 

9.065 

5.5 

FP.HfrI 

34.6 

14 

16.6 

280 

3.238 

153 

3.671 

5.9 

FP 

6.5 

3 

2.4 

43 

502 

545 

1 .2 

FP 

1.6 

1 

1.2 

15 

272 

287 

FP 

34.9 

II. 1 

FP,R 

9.0 

1 

1.2 

47 

176 

372 

595 

5.0 

FP 

69.7 

6 

22.4 

184 

5.161 

5.345 

17.7 

FP.FtWL 

10.3 

5 

3.0 

82 

289 

101 

472 

3.7 

FP 

27.2 

2 

1.7 

35 

330 

365 

3.7 

FP 

24.0 

6.0 

FP 

37.0 

12 

II. 0 

304 

2.I63 

2.467 

21.0 

FP 

52.9 

1 

33.5 

529 

3.749 

4.278 

FP 

101 .8 

5 

39.5 

1 .255 

5.924 

7.179 

17.5 

FP 

41.2 

2 

II . 1 

199 

1 .425 

1 .624 

9.3 

FP.R.MfrI 

152.0 

10 

68.2 

2.217 

10.075 

258 

12.550 

20.0 

FP 

218.2 

17 

115.3 

2.559 

13.794 

16.353 

53.4 

FP 

63.0 

5 

30.8 

678 

8.217 

8.895 

38.0 

FP.R.M&I 

375.0 

26 

ni  .8 

2.910 

17.795 

16,137 

36.842 

15.6 

FP 

38.0 

3 

14,3 

351 

2.268 

2.619 

4.5 

FP 

38.0 

5 

3.7 

76 

646 

722 

12.0 

FP 

40.0 

2 

5.5 

94 

1 .028 

1 ,122 

10.0 

FP.M&I ,R 

90.6 

4 

20.4 

769 

3.750 

1 ,600 

6.119 

FP.M&I 

82.7 

9 

35.2 

1 ,218 

4.923 

80 

6,221 

25.0 

FP 

126.0 

3 

19.3 

370 

2,101 

2.471 

38.2 

FP.R.MfrI 

236.8 

26 

112.1 

3.778 

21,629 

14.029 

39.636 

52.9 

FP 

184.0 

16 

67.9 

1 .091 

10.980 

12.071 

25.6 

FP 

14.1 

2 

6.2 

1-68 

695 

863 

2.3 

FP 

36.7 

20.6 

FP 

38.6 

9-3 

FP 

55.9 

22.4 

FP 

18,7 

8.6 

FP 

29.8 

3 

15.1 

635 

2.063 

2.698 

4.9 

FP,R 

138.5 

1 1 

38.6 

1.275 

3.771 

174 

5.220 

33.5 

FP.FfcWL 

28.2 

8 

7,3 

39 

641 

494 

1.374 

10  6 

FP.F&WL 

34,2 

4 

11.9 

267 

2.892 

1.302 

4.461 

5.1 

FP 

63.7 

2 

49.2 

14I 

4.658 

4.799 

8.2 

FP.HBI 

43.9 

3 

22.2 

416 

5.242 

3.020 

6,678 

9.9 

FP  90,0 

FP  Ilk. I 


TABLE  20  (Cont'd) 


WATERSHED  PROJECTS  IN  THE  GOING  PROGRAM 


Drainage  Channel 


Subbasin  and 
Watershed  Proiect 

Puroose^*^ 

Project 

Area 

(Sa  Mi) 

Number  of 
Structures 

Area 

Control  led 
tSojiD 

Sediment 

Total 

Improve- 

ments 

CUMBERLAND 

FP 

120.1 

3 

89.1 

975 

6,740 

7.715 

10.0 

North  Fork,  Little  River,  Ky 
Proctor  Creek,  Tenn 

FP,MGI ,FfrWL 
FP 

58.7 

13.2 

1* 

26.8 

490 

4.934 

3.019 

8.443 

5.2 

Pine  Creek,  Tenn 
Meadow  Creek,  Ky 

FP.FGWL.MGI 

FP 

26.2 

15.4 

4 

6.1 

77 

1,466 

655 

2.198 

6.0 

7.4 

Jennings  Creek,  Tenn 

FP 

72.1 

13 

29.3 

930 

5.442 

6.372 

19.0 

OHIO  MINOR  TRIBS 

Middle  Fork  of  Anderson,  Ind 

FP,R 

108.4 

6 

52.8 

583 

9.816 

434 

10.833 

34.4 

FP 

1 19.8 

10 

13.6 

420 

1 .682 

2,102 

29.5 

Humphrey -Clanton,  Ky 

FP 

107.1 

5 

26.1 

528 

4.529 

5.057 

25.0 

Little  Kentucky  River,  Ky 

FP,R 

71.2 

6 

29. 1 

604 

5.163 

1.699 

7.466 

Upper  Grave  Creek,  W Va 

FP.Mtl 

7.7 

7 

2.0 

39 

387 

129 

555 

3.6 

West  Fork  Duck  Creek,  Ohio 

FP,R,M6I 

106.8 

6 

39.9 

2.616 

8.838 

4.937 

16.393 

19.9 

Crab  Orchard,  Ky 

FP 

151 .4 

13 

35.8 

651 

3.987 

4.638 

31.6 

Cypress  Creek,  Ky 

FP,R 

50.7 

3 

3.0 

103 

578 

389 

1 .070 

6.0 

Donaldson,  Ky 

FP,R 

73.5 

7 

33.0 

500 

5.161 

543 

6,204 

31.1 

Upper  Tradewater,  Ky 

FP 

93.7 

8 

53.0 

2.189 

7.459 

9.646 

13.9 

Little  Cache,  1 1 1 

FP 

70.3 

5 

25.9 

892 

3.447 

4.339 

16.0 

Harmon  Creek,  W Va  Pa 

FP.FGWL 

38.0 

14 

19.7 

532 

3.127 

981 

4,640 

NOTE:  (1)  f? 

Hfrl 

R 

FGWL 


Flood  prevention 

Municipal  and  industrial  water  supply 
Recreation 

Fish  and  wildlife  development 


TABLE  21 

COMPLETED  AND  UNDER  CONSTRUCTION  HYDROELECTRIC  POWER  PLANTS 


Subbasin  and 
Name  of  P lent 

Location 

Owner 

Instal l( 
Capaci tyj 

A 1 leahenv 

P i ney 

Clarion,  Pa. 

Pennsylvania  Electric  Co. 

28.6 

Mnnonoahela 

Lake  Lynn 

Lake  Lynn,  Pa. 

West  Penn  Power  Co. 

51.2 

Deep  Creek 

Sines,  Md. 

Pennsylvania  Electric  Co. 

19.2 

Kanawha-L i t t le  Kanawha 

Winf ield 

Winfield.  W.  Va. 

Kanawha  Valley  Power  Co. 

14.8 

Marmet 

Marmet,  W.  Va. 

Kanawha  Valley  Poiver  Co. 

>4.4 

London 

Handley,  w.  Va. 

Kanawha  Valley  Power  Co. 

14.4 

Al  loy 

Alloy,  W.  Va. 

Union  Carbide  Carbon  Co. 

102.0 

Cleytor 

Radford,  Va. 

Appalachian  Power  Co. 

75.0 

Buck 

Ivanhoe,  Va. 

Appalachian  Power  Co. 

8.5 

ByMesby 

Byllesby,  Va. 

Appalachian  Power  Co. 

21 .6 

Liekina-Kentuckv-Sal t 

Oix  Dam 

High  Bridge,  Ky. 

Kentucky  Utilities  Co. 

28  3 

Wabash 

Norway 

Norway,  Ind. 

North  Indiana  Public  Service 

6.7 

Oakdale 

Yeoman,  Ind. 

North  Indiana  Public  Service 

11.0 

Ohio-Louisville 

Ohio  Fal Is 

Loui  svi  Me,  Ky  . 

Louisville  Gas  fc  Electric  Co. 

80.3 

Markland 

Markland,  Ind. 

Indiana  Public  Service  Co. 

61 .0 

Cumber  land 

Wolf  Creek 

Creelsboro,  Ky . 

Corps  of  Engineers 

270.0 

Dale  Hoi  low 

Cel Ina,  Tenn. 

Corps  of  Engineers 

54.0 

Great  Falls 

Rock  Island,  Tenn. 

Tennessee  Valley  Authority 

31.9 

Center  HI  1 1 

Buffalo  Valley,  Tenn. 

Corps  of  Engineers 

»3$.0 

Old  Hickory 

Old  Hickory.  Tenn. 

Corps  of  Engineers 

100.0 

Cheatham 

6i tisburg,  Tenn. 

Corps  of  Engineers 

36.0 

Barkley 

Grand  Rivers , Ky  . 

Corps  of  Engineers 

130.0 

J . Percy  Priest 

NashvI 1 la . Tenn . 

Corps  of  Engineers 

28.0 

Cordel 1 Hul 1 

Carthage.  Tenn. 

Corps  of  Engineers 

100.0 

Laurel 

Corbin,  Ky. 

Corps  of  Engineers 

61 .0 

TABLE  22 


STRCAHFLOW  CHARACTERISTICS  FOR  SELECTED  GAGING  STATIONS 


Floods  - 1000  cfs, 

, esm  

Lev 

( F lows 

• cfs.  csr 

Yield-Storage 

Period 

Drainage 

Average 

Peak  of 

Record 

2 

Year 

SO  Year 

too 

Year 

7 Oay- 

1000  Acre- 

Feel  , 

Subbesin 

of 

Area 

Discharge 

1000 

1000 

1000 

1000 

Mini  mum 

10  Year 

Reoui 

red  oer  esm^ 

ena  Location 

Record 

tSa  Mi^ 

mwtm 

cfs 

esm 

cfs 

esm 

Cfs 

r.sm 

cfs 

esn 

Cfs 

esm 

cfs  csr 

.2 

Allegheny 

A 1 leqheny  River , 
Red  House.  NY 

1903-59 

1 ,690 

2.792 

1 .65 

49.1 

(29.1)' 

25.0 

(14.8) 

51.0 

(30.2) 

57.0 

(33.7) (N) 

80.0 

(.047) 

115.0  (.068) 

.03 

.18 

.28 

A 1 legheny  River , 
Fronklln,  Pa 

1914-59 

5.982 

10.320 

1.72 

13.8 

(23.1) 

88.0 

63.0 

(14.7) 

(10.5) 

175.0 

1 10.0 

(29.3) 

(18.9) 

195.0 

121.0 

(32.6) (N) 

(20.1) (M) 

334.0 

(.056) 

k70.0  (.079) 

.05 

.16 

.25 

Al  legheny  River , 
Kittanning,  Pa 

1904-28; 

1934-59 

8,973 

15.710 

1.75 

269.0 

(30.0) 

0 0 

0 

— 

(15.2) 

(12.3) 

268.0 

193.0 

(29.9) 

(21,5) 

300.0 

213.0 

(33.4) (N) 
(23.7) (M) 

570.0 

(.064) 

750.0  (.084) 

.03 

.15 

.21 

Al  legheny  River , 
Natrona.  Pa 

1938-59 

1 1 ,410 

19.490 

1.71 

238.0 

(20.9) 

175.0 

120.0 

(15.3) 

(10.5) 

344.0 

179.0 

(29.9) 

(15.7) 

385.0 

192.0 

(33.7)  (N) 

(16.8)  (K) 

922.0 

(.081) 

890.0  (.078) 

.05 

.16 

.21 

HONONGAHELA 

Honongahela  River, 
Lock  1$.  Hoult,  W Va 

1938-59 

2.388 

I«,I20 

1.72 

91.5 

(38.3) 

64.0 

39.7 

(26.8) 

(16.6) 

138.0 

83.0 

(57.8) 

(39.8) 

158.0 

94.5 

(66.2) (N) 
(39.6) (M) 

33.0 

(.014) 

99.0  (.043) 

.04 

.17 

.25 

Big  Pi ney  Run , 
Salisbury,  Pa 

1932-63 

24.5 

37.9 

1.55 

6.85 

(274.0) 

1.1 

(4k.  0) 

5.5 

(220.0) 

6.8 

(272.0) (N) 

0.08 

(.003) 

- 

- 

- 

- 

BEAVER 

Hahoning  River. 
Youngstown.  Ohio 

1921-62 

899 

844 

0.94 

17.6 

(20.0) 

14.0 

8.7 

05.6) 

(9.7) 

30.3 

16.8 

(33.7) 

(18.7) 

35.5 

19.5 

(39.5) (N) 
(21.7) (M) 

28.0 

(.031) 

- 

.06 

.40 

- 

Beaver  River. 
Wampum,  Pa 

1932-59 

2,235 

2.365 

1 .06 

50.1 

(22.4) 

27.0 

20.9 

02.1) 

(9.4) 

56.0 

43.3 

(25.0) 

(19.9) 

64.0 

49.5 

(28.6) (N) 
(22.1) (H) 

74.0 

(.033) 

- 

.06 

.40 

- 

MUSKINGUM 

Walhonding  River, 
Nellie,  Ohio 

1921-59 

1 ,502 

1.457 

0.97 

43.8 

(29.2) 

18.25 

(12.2) 

57.0 

(38.0) 

67.0 

(44.6) (0) 

3.3 

(.022) 

- 

- 

- 

- 

Muskingum  River  nr 
Coshocton.  Ohio 

1936-62 

4.847 

4.855 

1 .00 

78.7 

(16.2) 

41  .0 

(8.5) 

125.0 

(25.8) 

147.5 

(30.5)  (0) 

342.0 

(.071) 

462.0  (.095) 

.01 

.17 

.35 

LITTLE  KANAWHA 

Little  Kanawha  River, 
Palestine,  W Va 

1939-59 

1.515 

2.100 

1.39 

53.0 

(35.0) 

52.8 

(34.9) 

55.4 

(36,6) 

61.0 

(40.3)  (N) 

36.0 

C.024) 

- 

.01 

.17 

.27 

HOCKING 

Hocking  River, 
Athens,  Ohio 

1915-62 

$UU 

978 

1 .04 

30.4 

(32.2) 

14.8 

05.7) 

32.6 

(39.5) 

37.0 

(39.2) (N) 

9.0 

(.010) 

36.0  (.038) 

.08 

.30 

- 

KANAWHA 

Kanawha  River, 
Charleston.  W Va 

1939-59 

10,419 

14.320 

1.38 

216.0 

(20.7) 

- 

- 

- 

- 

- 

- 

1 .030.0 

(.099) 

1.285.0  (.123) 

.04 

.12 

.19 

S Fi.  New  River, 
Je'ferson.  NC 

1924-59 

207 

41 1 

1.98 

52.8 

(256.5) 

5.5 

(26.6) 

21  .4 

(103.3) 

27.9 

(134.7) (N) 

65.0 

(.314) 

89.0  (.43) 

. 

. 

. 

|l  , -NOT.  L irTtE  SANOV. 

« ..  I9»5; 


• 

•928-62 

2.143 

2.385 

l.ll 

69.7 

(32.5) 

41  .7 

(19.5) 

92.9 

(43.4) 

108.0 

(50.4) (N) 

8.4  (.004) 

15.0 

(.002) 

.04 

.39 

• f« 

19)4-62 

1.185 

1.332 

1.12 

61.3 

(51.7) 

27.8 

(23.4) 

71.0 

(59.9) 

84.0 

(70.9) (N) 

23.0  (.019) 

26.0 

(.022) 

.04 

.39 

3.892 

4.228 

1 .09 

89.4 

(22.9) 

53.8 

(13.8) 

140.0 

(36.0) 

164.0 

(42.1) (N) 

Not  determined 

59.0 

(.015) 

.04 

.35 

•-♦2 

M>2 

484 

1.20 

24,; 

(60.9) 

11.9 

(29.6) 

20.4 

(73.1) 

34.6 

(86.1) (N) 

1.5  (.004) 

2.7 

(.007) 

- 

- 

.■V. 

504 

1.26 

14.8 

(61.2) 

7.7 

(31.8) 

20.7 

(85.5) 

24.2 

(100.0) (N) 

No  flow 

- 

■ 

- 

- 

SM 

1 28 

40.4 

(33.0) 

24.2 

(19.8) 

52.0 

(42.5) 

59.8 

(48.8) (N) 

3.6  (.003) 

20.0 

(.016) 

.05 

.25 

•2 

22.0 

(75,6) 

8.25 

(28.4) 

21.6 

(74.3) 

25.4 

(87.3) (N) 

No  flow 

- 

- 

- 

- 

48  2 

(42.0) 

27.5 

(16.9) 

74.0 

(45.6) 

86.0 

(52.9) (K) 

42.0  (026) 

57.8 

(.036) 

.12 

.63 

- 

1!2  4) 

S3. 2 

(i).8) 

156.0 

(40.6) 

187.6 

(48.7) (N) 

160.0  (.042) 

164.5 

(.048) 

.10 

.55 

■ 'V  II 

1 5 

(21.4) 

3.96 

(56.6) 

- 

• (N) 

No  f low 

No  • 

f low 

- 

- - 

33  3 

(27.9) 
( *8  yi 

77  0 
64  0 

(64.6) 

(53.5) 

85.0 

75.0 

(71.1) (M) 
(62.7)  (M) 

27.0  (.023) 

42.0  (.035) 

.05 

.34  .60 

• I om| 


*»  AMe9H«nY  K*v«r  At  RedhouS*  require*  *cre-fe«t 

-•  * • «Mi«teMt  < >o«>  oT  cf»  require*  S07.000  ecre*f*et  of  ttoreqe. 


TABLE  22  (Corn'd) 

STREAMFLOW  CHARACTERISTICS  FOR  SELECTED  GAGING  STATIONS 


Subbasin 
and  Location 

GREAT  MIAMI 


Had  River , 
SprinQfield,  Ohio 

Great  Niatni  River, 
Taylorsvl I te,  Ohio 

Great  Miami  River, 
Dayton,  Ohio 

Great  Miami  River, 
Hami Iton,  Ohio 

Whi tewater  River, 
Brookvi  He,  I nd 

LICKING 


Lickin9  River, 
Farmers,  Ky 

S Fk  Licking  River, 
Cynthiana,  Ky 

Licking  River, 
Catawba,  Ky 

KENTUCKY 

N Fk  Kentucky  River. 
Jackson,  Ky 

Kentucky  River  nr 
Winchester,  Ky 

Kentucky  River, 

F rankfort , Ky 

Kentucky  River, 
Lockport,  Ky 

SALT 

Rol I ing  Fork , 

Boston,  Ky 

GREEN 

Green  Ri ver , 
Greensburg,  Ky 

Barren  River, 

Bowl  I ng  Green , Ky 

Green  River , 
Woodbury,  Ky 

WABASH 

Wabash  River, 
Bluffton.  Ind 

Wabash  River. 

Wabash,  Ind 

Wabash  River, 
Logansport,  Ind 


Floods  - 1000  cfs. 

, esm 

Low  Flows  - 

cfs.  esm 

Yield-Storage 

Period 

Drainage 

Area 

Average 
Di scharqe 

Peak  of  Record 
1000 

7 

1000 

50  Year 
1000 

100  Year 
1000 

Mini mum 

7 Day- 
10  Year 

1000 
Reou  i 

Acre-feet 
red  oer  esm^ 

mwwm 

■esi 

cfs 

esm 

esm 

cfs 

esm 

cfs 

esm 

cfs 

esm 

cfs 

esm 

.2 

.i 

1904-06; 

1914-59 

485 

680 

1 .40 

30.5 

(62.9)' 

10.0 

6.3 

(20.6) 

(20.6) 

28.3 

21.3 

(58.4) 

(43-9) 

33.9 

26.1 

(69.9) (M) 
(53.8) (M) 

30.0 

(.062) 

M5.0  1 

[.237) 

1921-62 

1 .155 

995 

0.86 

31.4 

(27.2) 

16.1 

17.5 

(15.7) 

(15.2) 

33.5 
29.  f 

(29.0) 

(25.2) 

37.5 

31.4 

(32.5) (N) 
(27.2) («) 

30.0 

(-026) 

46.0  1 

f.040) 

.06 

.45 

- 

1929-62 

2.513 

2.083 

0.83 

60.9 

(24.2) 

44.3 

33.5 

(17.6) 

(13.3) 

102.9 

60.1 

(40.9) 

(23.9) 

112.9 

64.2 

(44.9) (N) 
(25.5) (H) 

78.0 

(.031) 

175.0  1 

[.070) 

.03 

.42 

- 

1931-62 

3.639 

3.203 

0.88 

352.0 

(96.8) 

58.2 

46.9 

(16.0) 

(13.4) 

134.3 

98.1 

(37.0) 

(27.0) 

149.9 

l'0.3 

(41.2)  (N) 

(30.3)  <M) 

100.0 

( 028) 

281.0  1 

1.077) 

.02 

.35 

. 

1923-62 

1,239 

1 .274 

1.03 

(I913) 
81 .8 

(66.0) 

34.0 

31.0 

(27.4) 

(25.0) 

126.0 

90.0 

(103.3) 

(72.6) 

155.0 

117.0 

(125.0) (N) 
(94.5) (M) 

49.0 

(.040) 

62.0  1 

[066) 

. .0 

.33 

- 

1938-62 

831 

1 ,076 

1.29 

24.0 

(28.9) 

>3.4 

7.0 

(16.1) 

(8.4) 

27.0 

7.0 

(32.5) 

(8.4) 

30.9 

7.0 

(37.2) (N) 
(8.4)  (M) 

0.7 

(.0008) 

3.1  1 

.004) 

- 

.24 

.45 

1933-62 

621 

751 

1.21 

35.3 

(56.8) 

19.7 

(31.7) 

58.0 

(93.4) 

69.9 

(M2. 6}  (N) 

0.3 

(.0005) 

0.7  1 

.001) 

. 10 

.47 

.72 

1914-20; 

1928-62 

3.300 

4.131 

1.25 

86.3 

(26.2) 

50.0 

“5.5 

(15.1) 

03.8) 

■ 01  .0 
91.1 

(30.6) 

(27.6) 

112.0 
101 .0 

(34.3) (N) 
(30.6) (M) 

2.5 

(.0008) 

10.3  ( 

.003) 

.07 

.33 

.50 

1938-62 

1 ,101 

1 .293 

1.18 

53.5 

(48.6) 

29.7 

(27.0) 

75.0 

(68.1) 

86.1 

(78.2) (N) 

No 

flow 

2.2  ( 

.002) 

.05 

.30 

- 

1907-62 

3.955 

5.223 

1.32 

92.4 

(23.4) 

61.5 

05.5) 

108.0 

(27.3) 

117.0 

(29.6) (N) 

(est) 

10.0 

(.003) 

33.0  1 

.008) 

.08 

.38 

.44 

1925-62 

5.412 

7.023 

1.30 

115.0 

(21.2) 

70.0 

63.0 

(12.9) 

(11.6) 

123.0 

123.0 

(23.7) 

(22.7) 

142.0 

138.0 

(26.2) (N) 
(25.5) (H) 

- 

- 

112.0  < 

.021) 

.04 

.25 

.42 

1925-62 

6.180 

8.247 

1.33 

123.0 

(19.9) 

75.0 

(12.1) 

157.0 

(25.6) 

175.0 

(28.4) (N) 

Not  determined 

163.0  1 

.026) 

- 

- 

- 

1938-62 

1.299 

1 .720 

1.32 

41.3 

(31.8) 

30.0 

(23.1) 

65.0 

(50.1) 

74.5 

(57.6) (») 

0.4 

(.0003) 

1.3  ( 

.001) 

.05 

.34 

.58 

1939-62 

736 

1 .086 

1.48 

60.6 

(82.3) 

22.8 

(31. 0) 

48.2 

(65.5) 

54.8 

(74.5)  (N) 

0.4 

(.0005) 

1.7  ( 

.002) 

• 

.33 

.53 

1938-62 

1 ,84d 

2.464 

1.33 

85.0 

(46.0) 

33.5 

(18.1) 

81 .0 

(43.8) 

92.0 

(49.8) (N) 

44.0 

(.024) 

53.0  ( 

.029) 

.07 

.31 

.5) 

1936-62 

5.403 

7.979 

1 .46 

205.0 

(39.0) 

67.5 

02.5) 

128.0 

(23.7) 

143.0 

(26.5) (N) 

200.0 

(.037) 

241 .0  ( 

.045) 

- 

- 

- 

1930-59 

506 

403 

0.80 

11.8 

(2).6) 

7.0 

(13.8) 

17.4 

(33.4) 

20.2 

(J9.9) (N) 

3.9 

(.008) 

4.7  ( 

.009) 

.10 

.58 

- 

1923-59 

1 .733 

1.511 

0.87 

49.6 

(28.6) 

23.8 

03.7) 

58.7 

(33.9) 

67.6 

(39.0)  (N) 

17.0 

(.010) 

26.0  ( 

.015) 

.10 

.60 

- 

1923-59 

3.751 

3.317 

0.88 

89.8 

(23.9) 

42.5 

01.3) 

96.8 

(25.8) 

1 10.8 

(29.5) (N) 

97.0 

(.026) 

190.0  ( 

.051) 

.07 

.49 

- 

Wabash  River, 


Lafayette,  Ind 

1923-59  7.247 

6,401 

0.88 

131.0 

(18.1) 

54.0 

(7.5) 

122.0 

(16.9) 

139.0 

(19.2) (N) 

265.0 

(.037) 

535.0 

(.074) 

.06 

.40 

Wabash  River, 
Montetuma,  Ind 

<927-59  11,100 

9.492 

0.86 

184.0 

(16.6) 

67.0 

(6.0) 

192.0 

(17.3) 

226.0 

(20.6) (N) 

510.0 

(.046) 

775.0 

(.070) 

.03 

.42 

Wabash  River, 

Terre  Haute,  Ind  I927-S9  12,200  I0.4A0 


189.0  (15.5)  68.0  (5.6)  192. 0 (15.7)  225.0  (I8.5)(N)  690.0  (.057)  900.0  (.076) 


Embarrass  River, 
Ste.  Marie,  1 1 1 

1909-13; 

1914-59 

1 .540 

1,227 

0.80 

44.8 

(29.0) 

17.0 

white  R i ver , 
Indianapol Is,  Ind 

1930-59 

1 .627 

1,411 

0.87 

37.2 

(22.9) 

20.1 

Eel  River, 

Bowling  Green,  Ind 

1931-59 

844 

854 

1 .01 

34.0 

(40.3) 

18.5 

(M.O) 

67.0 

(43.5) 

88.0 

(57.1) (N) 

1 .0 

(.0006) 

16.0 

(.011) 

.10 

.49 

(12.4) 

62.0 

(38.1) 

76.4 

(47.0) (N) 

6.8 

(.004) 

105.0 

(.065) 

. 10 

.57 

(21.9) 

56.0 

(66. k) 

68.0 

(80.6) (N) 

II. 0 

(.013) 

17.0 

(.020) 

.07 

.38 

C Fk  Wn. te  River, 
Seymour,  Ind 

1927-59 

2.333 

2.431 

1 .04 

78.5 

(33.6) 

37.0 

(15. 9) 

123.0 

(52.7) 

154.0 

(66.0) (N) 

84.0 

(.036) 

<55.0  (.066) 

. 10 

.49 

.70 

E Fk  White  River, 
Shoals,  Ind 

1909-18; 

1923-59 

4.954 

5,458 

I.IO 

160.0 

(29.3) 

42.0 

37.5 

(8.5) 

(7.6) 

1 16.0 
109.0 

(23.4) 

(22.0) 

135.0 

128.0 

(27.3) (N) 
(25.8) (M) 

44.0 

(.009) 

222.0  (.045) 

.07 

.47 

.77 

Wabash  River. 
Mt  Carmel , 1 1 1 

1927-59 

28,600 

26,980 

0.94 

305.0 

(M.3) 

147.0 

132.0 

(5.1) 

(4.9) 

0 0 

(13.8) 

(13.9) 

458.0 

441  .0 

(16.0) (N) 
(16.3) (H) 

1 .620.0 

(.060) 

2.250.0  (.083) 

- 

- 

Little  Wabash  River, 

Cerml ,111  I939*S9  3.090 


2,967  0.8<4 


39. (12.8) 


'**.5  (**.7)  5A.0  (17.5) 


6L.5  (20.9) (H) 


0.6  (.0002)  5.2  (.002)  .H  .$7 


NOTES;  (N)  - Natural  flow  (unaffected  by  stream  regulation) 

(M)  > Modified  flow  (period  of  record  modified  to  Include  eff  'I  of  stream  regulation) 
(0)  - Observed  flow  (observed  value  as  modified  by  streem  regv  *nn) 


1 • AM  numbers  in  perentheses  ere  in  cfs  per  square  mile. 

2 * Storege  In  1000  ecre-feet  per  squere  mile  required  to  sustein  Indicated  flow  in  cfs  per  squere  mile.  Eremple:  Allegheny  River  at  Redhousc  requires  300  ecre-feet 

per  squere  mi le  to  Sustein  a minimum  flow  of  .2  cfs  per  squere  ml le  or  to  obtain  a constant  flow  of  338  cfs  requires  507.000  ecre«feet  of  storage. 


TABLE  22  (Cont'd) 


STREAMFLOW  CHARACTERISTICS  FOR  SELECTED  CAGING  STATIONS 


F 1 cods  ' 1 

000  cfs 

. CSn 

Low 

F 1 ows 

- cfs.  csr 

Yield-Storage 

Period 

Drainage 

Average 

Peak  of  Record 

2 

Year 

SO  Yeai 

100 

Year 

7 Day- 

1000  Acre-Feet 

Subbas i n 

of 

Area 

Oischarc 

1 

1000 

1000 

1000 

1000 

Minin. 

urn 

10  Year 

Required  oer  csn' 

and  Local  inn 

Record 

(Sa  Mi) 

cfs 

csm 

cfs 

csm 

Cfs 

csm 

ct  s 

csr 

cfs 

csm 

cfs  csm 

— 2 1 T 

CUMBERLAND 

Cumberland  River 
Carthage,  Tenn 

1922-59 

10,700 

17.020  1 

.59 

210.0 

09.6)' 

129.0 

83.0 

(12.1) 

(7.8) 

229-0 

109.0 

(21.4) 

(10.2) 

250.0 

120.0 

(23.4)  (N) 
(11.2) (M) 

336.0 

(.034) 

- 

.05  - .26 

Cumberland  River, 
Dover,  Tenn 

1937-59 

16,530 

24,310  1 

.47 

280.0 

(16.9) 

14)  .0 
126.0 

(8.5) 

(7.6) 

220.0 

188.0 

(13.3) 

(11.4) 

243.0 

208.0 

(14.7)  (N) 
(12.6) (M) 

414.0 

(.025) 

- 

. 

Roaring  River, 
Hi lham,  Tenn 

1931-63 

78.7 

no  1 

.40 

9.8 

(124.5) 

3.9 

(Vi.  6) 

10.2 

(129.8) 

12.0 

(152.6) (N) 

1 .9 

(.024) 

- 

. 

OHIO  RIVER 

Ohio  River, 
Parkersburg , w Va 

1940-59 

35,600 

50,730  1 

.43 

440.0 

(12.4) 

320.0 

260.0 

(9.0) 

(7.3) 

570.0 

435.0 

(16.0) 

(12.2) 

620.0 

470.0 

07.4)  (N) 
03.2)  (M) 

2,290.0 

(.064) 

7,520.0  (.211) 

. 

Ohio  River, 
Evansvi lie.  1 nd 

1936-62 

107,000 

133.900  I 

.25 

1 .410.0 

03.2) 

545.0 

495.0 

(5.0) 

(4.6) 

965.0 

855.0 

(9.0) 

(8.0) 

1 .295.0 
920.0 

(12.1) (N) 
(8.6) (M) 

. 

. 

I6.2u0.0  (.151) 

- 

MOTES:  (N)  - Natural  flow  (unaffected  by  stream  regulation) 

(H)  ' Modified  flow  (period  of  record  modified  to  include  effect  of  stream  regulation) 

(0)  - Observed  flow  (observed  value  as  modified  by  stream  regulation) 

1 - All  numbers  in  parentheses  are  in  cfs  per  square  mile. 

2 * Storage  in  1000  acre~feet  pc  square  mile  required  to  sustain  indicated  flow  in  cfs  per  square  mile.  Example:  Allegheny  River  at  Redhouse  requires  JOO  acre>feet 

per  square  mile  to  sustain  a minimum  flow  of  .2  cfs  per  square  mile  or  to  obtain  a constant  flow  of  338  cfs  requires  507i000  acre— feet  of  storage. 


I 

I 

1 

1 


TABLE  23 

PRINCIPAL  GROUND  WATER  SUPPLIES 

(Numerical  ranges  represent  typical  values  and  do  not  include  unusually  high  or  low  values) 


I 


Subbasin  Area 

Aqo i fer 
Tvoe 

Yields  of 
High  Capa- 
city Wells 
(qpm) 

Wei  1 

Depth 

(ft) 

Depths  to 
Water 
(ft) 

Hardness 
( mq / 1 ) 

Sul  fate 
(mq/l) 

Chloride 
(mq/l ) 

1 ron 
(mq/l ) 

Total 
Dissolved 
Solids 
(mq  'l ) 

Temperature 

(OF.) 

Al  legheny 

Unconsol idated 

100-2000 

12-260 

0-30 

36-280 

1-350 

1-90 

0-8.5 

57-600 

48-54 

Bedrock 

20-2000 

14-810 

0-100 

10-330 

1-160 

1-160 

0-19 

22-580 

48-54 

Monongahela 

Unconsol i dated 

100-300 

50-130 

15-35 

120-1700 

50-1500 

20-350 

1-120 

300-3000 

53-67 

Bedrock 

20-300 

80-500 
400-1100^  ' 

0-150(1) 

50-500'  ' 

10-350 

0-150 

1-250 

0. 2-6.0 

50-700 

50-58 

Upper  Ohio 

Unconsol idated 

20-1500 

60-140 

10-50 

1 30-400 

50-200 

5-60 

0. 1-3.0 

200-650 

51-57 

Bedrock 

20-750 

60-350 

0-150 

60-350 

2-80 

2-80 

0.  1-3.0 

200-800 

50-55 

Muskingum  & Hocking 

Unconsol i dated 

75-2100 

35-290 

. 

1 50-900 

. 

0-800 

0-8.0 

1 BO- 1000 

51-52 

Bedrock 

5-600 

20-500 

- 

20-570 

- 

0-650 

0. 1-5.0 

50-1000 

52-58 

Little  Kanawha  & 

Unconsol idated 

10-1500 

50-130 

. 

20-650 

. 

5-380 

2-50 

220-460 

52-60 

Kanawha 

Bedrock 

5-5000 

25-600 

* 

6-930 

* 

1.5-1000 

0-38 

42-1000 

53-58 

Scioto 

Unconsol idated 

10-1500 

20-150 

. 

50-525 

5-175 

3-75 

0.1-15 

75-650 

46-58 

Bedrock 

5-250 

75-750 

- 

50-700 

50-125 

4-200 

0.05-15 

75-1000 

51-59 

Guyandotte,  Big  Sandy 

Unconsol  1 dated 

25-500 

60-80 

30-40 

70-210 

9-100 

10-50 

0. 1-3.0 

1 50-500 

. 

L > 1 1 le  Sandy 

Bedrock 

20-500 

1 10-400 

• 

50-400 

30-350 

10-50 

- 

- 

* 

Great  Miami  fr  Little 

Unconsol idated 

0-3000 

40-200 

5-100 

300-550 

30-120 

5-30 

0-4.0 

300-650 

52-56 

M.ami 

Bedrock 

0-50 

100-200 

5-60 

300-600 

40-150 

10-60 

0.5-10 

350-700 

52-56 

Licking  & Kentucky 

Unconsol idated 

5-1000 

60-160 

. 

250-350 

20-70 

5-20 

0.01-0.2 

300-450 

53-58 

Bedrock 

I -500 

35-500 

- 

50-800 

2-500 

5-500 

o.oi-io 

200-800 

53-58 

Wahash 

Unconsot 1 dated 

100-1500 

30-340 

0-120 

250-450 

2-380 

0-55 

1-3 

220-600 

52-57(21 

52-58'^' 

Bedrock 

100-500 

50-700 

10-130 

230-860 

0-650 

2-60 

1-3 

330-1450 

Lower  Ohio 

Unconsol Idated 

lOO-ISOO 

40-180 

5-50 

90-600 

5-200 

5-30 

0.2-3. 5 

170-900 

Bedrock 

20-600 

50-1000 

- 

50-450 

5-250 

5-75 

0. 1-5.0 

200-2)00 

- 

Cumberland 

Unconsol Idated 

20-50 

50-120 

10-30 

. 

. 

. 

. 

- 

. 

Bedrock 

20-100 

60-300 

10-100 

40-400 

S-200 

2-100 

0, 2-6.0 

200-500 

55-65 

NOTES:  (I)  Where  PottSvIMe  and  Allegheny  Formations  are  overlain  by  the  Conamaugh  Formation. 

(2)  Water  from  Devonian  rocks  In  Illinois  part  of  Basin  at  600  to  700  feel  depth,  59  to  66°F. 


TABLE  24 


POTENTIAL  RESEAVOIR  SITES' 


Drainage  Area 
Control  led 


Storage  Capacity  (lOOQ  Ac  F 
Flood 

Other  Control 


Clear  Shade  Creek 
CusseMago  Creek 
Hill  Creek 
North  Branch 
Shanksvl I le 
Sugar  Creek 
Aedbank  Creek 


Big  Sandy  Creek 
Cre  1 1 in 
Elk  Creek 
Laure 1 Hi  1 1 Creek 
Middle  Fork  River 


Stonewal 1 Jackson 

102 

Wymer 

44 

2.0 

40.0 

73.0 

1 15.0 

BEAVER 

Cagle  Creek 

95 

10.0 

78.0 

33.0 

121.0 

Grand  River 

1 .002 

1,802.0 

* 

405.0 

2.207.0 

MUSKINGUM 

Boggs  fork 

IS 

1 .0 

- 

4.0 

5.0 
C i 

F razeysburg 
Hugle  Run 
Middle  Branch 
Mi  I lersburg 
Ogg 

Skull  Fork 


Leading  Creek 
N Fork  Hughes  R 
West  Fork 


Federal  Creek 
Logan 
McLeish 
Monday  Creek 
Sugar  Grove 


Anthony  Lake 
Big  Bend 

Big  Reed  Island  Creek 
Big  Sandy  Creek 
8i  rch 

Bluestone  River 
Buffalo  Creek 


Greenbrier 
Indian  Creek 
Kimberl ing  Creek 
Little  River  (Lo 
Little  River  (Up 
Marsh  Fork 
Meadow  River 
Moores  Ferry 
New  River 


Reed  Creek 
S Fork  New  Ri 
Walker  Creek 


Laurel  Fork 
Little  Huff  Creek 
Marsh  Fork 
Hud  River 
Pinnacle  Creek 
Rockcast le  Creek 
Tonmy  Creek 


Knox  Creek  (Lower)wl 
Knox  Creek  (Upper) 
Paintsvi I le 
Panther  Creek 
Yetesvl I le 


!06 


TABU  2k  (Cont'd) 
POTENTIAL  RESERVOIR  SITES^') 


Subbasin  and  Reservoir 
SCIOTO 


Draina9e  Area 
Control  led 
(So  Mil 


Storage  Capacity  (1000  Ac  Ft) 


F lood 
Control 


Total 


Area  of  Pool  (Acres) 


Alum  Creek 

123 

2.4 

74.1 

47.5 

124.0 

380 

4.600 

Be  1 lepoint 

736 

3.2 

- 

85  0 

88.2 

500 

1 1.170 

M>  1 1 Creek 

I8l 

4.0 

- 

88.5 

92  5 

420 

6,200 

Roundhead 

3^ 

0.9 

- 

1 1 .0 

U.9 

190 

1 .020 

Upper  Derby 

239 

1 .0 

24.5 

7.0 

32.5 

100 

2.820 

LITTLE  MIAMI 

Cowan  Creek 

SI 

2.0 

, 

12.0 

14.0 

550 

650 

Morrow 

685 

36.0 

- 

208.0 

244.0 

1 .800 

7.000 

Washington  Mt 1 Is 

308 

16.0 

- 

45,0 

61 .0 

1.000 

2.720 

Todd  Fork 

245 

130 

- 

82.0 

95.0 

1 ,800 

7.790 

GREAT  MIAMI 

Blue  Creek 

26 

0.2 

. 

28.8 

29-0 

100 

492 

Dry  Fork 

45 

2.4 

- 

34.6 

37.0 

600 

6.200 

Duck  Creek 

25 

1.3 

- 

16  7 

18.0 

100 

640 

Oldenburg 

80 

8.6 

- 

54.4 

63.0 

500 

1 .400 

Pipe  Creek 

66 

2.6 

- 

65.7 

68.3 

100 

1.465 

W>  1 1 lams  Creek 

28 

1 .5 

1.6 

25.4 

28.5 

400 

10.150 

LICKING 

Falmouth 

1.505 

78.4 

171.3 

648.6 

898.3 

4.500 

25.700 

Hinkston  Creek 

174 

9.0 

21 .4 

97.6 

128.0 

1 .000 

6.000 

Royal  ton 

76 

1 .4 

13.0 

32.9 

47.3 

400 

1 .770 

KENTUCKY 

Culskin  Creek 

84 

4.5 

15.5 

49.0 

69.0 

150 

1.400 

Ford 

2.503 

130.0 

200.0 

510.0 

840.0 

4.000 

33.400 

Greasy  Creek 

51 

2.7 

11.4 

16. 1 

30.2 

80 

570 

Kingdom  Come 

131 

7.0 

17.0 

49.0 

73.0 

500 

1 .660 

Leatherwood  Creek 

49 

2.6 

• 

32.4 

35.0 

50 

770 

Line  Fork 

64 

3-4 

S8.6 

62.0 

150 

1.120 

L/ttle  Goose  Creek 

38 

2.0 

7.6 

20.4 

30.0 

too 

920 

Red  Bi rd  River 

US 

6.0 

29.0 

55.0 

90.0 

200 

1,930 

Station  Camp  Creek 

95 

5.0 

255-0 

30.0 

290.0 

200 

3.300 

Troublesome  Creek 

201 

U.O 

29.8 

71.2 

i 12.0 

250 

2.470 

Walkers  Creek 

1.260 

3.5 

30.0 

147,0 

180. 5 

100 

5,630 

SALT 

Camp  Ground 

438 

24.3 

80-3 

344.0 

448.6 

ISO 

11.950 

Floyds  Fork 

42 

5.8 

63.7 

70.0 

139-5 

100 

3.380 

Howardstown 

384 

22.7 

39.6 

307-0 

369. 3 

150 

lO.SOO 

Taylorsvi 1 le 

354 

17.2 

103. 1 

278.8 

399.1 

10c 

7.885 

GREEN 

Drakes  Creek 

500 

30.0 

7-0 

270.0 

307.0 

400 

8.200 

WABASH 

Azal ia 

250 

13.3 

. 

138.3  ■ 

152.2 

1.700 

6.530 

Bean  Blossom 

167 

9.0 

- 

MJS.O 

1 14.0 

2.050 

7.000 

Big  Blue 

269 

10.6 

34.4  ■ 

75.1 

120.1 

1.330 

5.970 

Big  Muddy 

l40 

4.5 

41.5 

46.0 

700 

3.700 

Big  Pine 

331 

9.0 

201 .5 

210.5 

687 

4.710 

Big  walnut 

197 

9.7 

IS'J.O 

160.7 

323.4 

1 .024 

7.984 

Broul 1 letts  Creek 

300 

16.0 

- 

167.0 

183.0 

1 .550 

5.790 

Clifty  Creek 

140 

7.6 

- 

48.6 

56.2 

548 

2.390 

Coal  Creek 

244 

13.6 

- 

156.6 

170.2 

1 .020 

52.160 

Crawfordsvi  1 le 

423 

22.6 

- 

136.6 

161.2 

1 .400 

5.040 

Oanvi 1 le 

970 

52.0 

• 

361 .0 

413.0 

2.900 

11.750 

Denver 

680 

36.3 

- 

226.7 

263.0 

2.675 

13.550 

Deputy 

294 

l6.0 

28.0 

103.0 

147.0 

1.100 

4.320 

Downey VI 1 le 

276 

15.1 

75.5 

71  3 

161  .9 

900 

6.070 

For ivi 1 le 

172 

9.0 

32.0 

35.0 

76.0 

1 .100 

3.600 

Fox  River 

84 

4.5 

- 

50.0 

54.5 

700 

4.100 

Helm 

210 

12.0 

47.7 

112.1 

171.8 

2.040 

9.930 

Lafayette 

787 

19.2 

- 

3‘3.3 

332.5 

1.320 

9.470 

Lincoln 

915 

55.0 

6.3 

477.0 

538.3 

4.310 

21 .250 

LouiSvl 1 le 

661 

38.6 

44.0 

148  0 

230.8 

5.000 

13.500 

Mart insvi 1 le 

2,430 

83.0 

- 

550.0 

633.0 

8.500 

28.700 

Maltersvi 1 le 

56 

1.7 

26.8 

44.8 

73.3 

535 

3.550 

N Fork  Embarras  River 

140 

75 

- 

134  5 

142.0 

1 .000 

6.400 

Parker  City 

175 

8.0 

82.3 

42.7 

133.0 

900 

10.150 

Patoka 

168 

13.2 

167.5 

144. 1 

324.8 

2.010 

11 .760 

Perkinsvt 1 le 

542 

25.0 

10.0 

34.0 

69.0 

2.600 

5.200 

Shoals 

4.947 

204.0 

- 

1 .066.0 

1 .270.0 

18.000 

67.000 

Tippecanoe 

525 

28.0 

- 

214.0 

242.0 

4.S00 

24.320 

Vernon  Fork 

226 

12.1 

24.0 

76.7 

1U.8 

1 .280 

3.700 

CUMBERLAND 

Clover  Fork 

29 

3 5 

- 

7 6 

1M 

117 

218 

Devi  1$  Jumps 

957 

2.230.0 

1 .650.0 

256.0 

4.136.0 

18.260 

36.990 

Kettle  Isle 

46 

4.8 

- 

14  9 

19.7 

285 

NA 

leteber-Marlan 

52 

3.0 

• 

14  3 

17  3 

197 

595 

Little  Clear  Creek 

14 

4.0 

0.9 

4.6 

9.5 

204 

NA 

Mart/ns  Fork 

56 

3 7 

- 

18,1 

21 .8 

270 

675 

Presley  House  Branch 

14 

1.0 

- 

3,9 

4 9 

40 

NA 

Rossview 

955 

20.0 

• 

352.0 

372.0 

1.395 

9.400 

Three  Isles 

854 

212  0 

152.0 

351 .0 

7»5.0 

7,190 

14.560 

rwELVEPOLE  CREEK.  W VA 

CdOwAy ) i n^o 
WHiTEC-K  CREEK.  OHIO 
w-- : tt'oak 


TABLE  25 


POTENTIALLY  FEASIBLE  WATERSHED  PROJECTS 


,0) 


Area  in 
Watershed 


Number 

of 

Structures 


Drainage  Area 
Control  led 

ts<i  "D 


Sediment 
'Ac  Ft) 


Stor«a«  CAP.cItv 


Floodwater 
(Ac  Ft) 


Other  Uses 
(Ac  Ft) 


Water 

Surface  Channel 

Total  Capacity  Area  Improvement 

(Ac  Ft)  (Acres)  (Mi les) 


N.  Y. 


U2-' 

139 

9 

45 

724 

8.926 

6.365 

16.015 

522 

16 

Ia5' 

63 

1 

39 

547 

6.745 

782 

8.074 

770 

- 

Pa. 

I-I  - 

228 

7 

52 

753 

9.281 

11.384 

21.418 

531 

. 

1-3 

9 

1 

7 

99 

1,226 

1.294 

2.6'9 

78 

- 

1-9  - 

334 

9 

100 

1.553 

19. 148 

39.566 

60.267 

2.726 

- 

I-I2A- 

479 

7 

100 

1.355 

16.711 

18,164 

36.230 

1 .012 

- 

I-I3A  ' 

174 

6 

72 

824 

10,166 

12.659 

23.649 

582 

- 

lb<l6A 

62 

3 

26 

338 

4.169 

2.523 

7.030 

385 

- 

lc-20.20A(2)  ' 

356 

5 

26 

341 

4,204 

19.463 

24.008 

725 

. 

1-25.26  - 

328 

13 

98 

2.392 

29.496 

74.814 

106.702 

2.951 

- 

1-28  * 

14 

2 

6 

81 

999 

2.800 

3.880 

90 

. 

ldt-3l,3l(2)' 

413 

8 

77 

1.097 

13.530 

50.088 

64.715 

1 .985 

- 

ldl-32,32A* 

468 

13 

85 

1 .212 

14.951 

100.965 

117.128 

4.145 

- 

Id-35. 35A  • 

295 

3 

21 

298 

3.673 

2.492 

6.463 

258 

- 

N.  Y. 

1a4  - 

202 

13 

92 

2.261 

28.923 

19.344 

50.528 

1.566 

. 

I-I 

137 

10 

34 

539 

6,648 

7.431 

14,618 

333 

- 

1-4  ' 

45 

2 

5 

86 

1,064 

967 

2.117 

62 

3 

MONONGAHELA 

Pa, 

*2c-38.38A  - 

464 

25 

221 

4.995 

43.006 

12.312 

60.3'3 

2.584 

. 

2c-40- 

115 

7 

53 

1.069 

9. 114 

1.083 

11.266 

587 

3 

2c-4IA 

36 

1 

18 

352 

3.001 

1 .881 

5.234 

201 

- 

W.  Va. 

2-2  - 

32 

3 

9 

183 

1.563 

4.061 

5.807 

161 

2-4 

104 

4 

5 

102 

872 

2.264 

3.238 

123 

- 

2-6 

24 

3 

10 

l89 

1 .619 

4.155 

5.963 

162 

- 

2-7 

41 

15 

18 

411 

3.508 

5.488 

9.407 

448 

- 

2-9- 

72 

13 

38 

782 

6,666 

16.258 

23.706 

858 

2 

2a-l 

85 

4 

7 

|46 

1.251 

3.242 

4.639 

147 

- 

2a-2 

100 

12 

52 

1.020 

8.698 

22.520 

32.238 

620 

- 

2a-3 

88 

9 

23 

445 

3.800 

8.597 

12.842 

270 

- 

2a-l2 

148 

9 

40 

779 

6.643 

17.287 

24.709 

645 

- 

2a-l9 

49 

2 

13 

264 

2.250 

5.858 

8.372 

375 

- 

2al  -1 

85 

3 

2 

50 

426 

1.106 

1 .582 

55 

4 

2al-4 

124 

13 

39 

758 

6,461 

16.784 

24.003 

1 .174 

- 

2al-M 

41 

13 

23 

452 

3.855 

10.031 

14.338 

53' 

- 

2al-I2 

130 

8 

33 

648 

5.526 

14.367 

20.541 

668 

1 

2b-4 

158 

4 

18 

355 

3.030 

7.840 

1 1.225 

188 

- 

BEAVER 

Ohio 

3a -6 

17 

- 

. 

. 

. 

- 

. 

2 

3al-l 

174 

2 

9 

132 

1.349 

5.460 

6.941 

328 

6 

Pa. 

30-54. 54a 

418 

18 

129 

2.100 

21.449 

21.071 

44.620 

1 .480 

30-55 

56 

2 

23 

409 

4.182 

2.749 

7,340 

449 

- 

3^1-56 

240 

10 

92 

1 .609 

16.450 

15,516 

33,575 

2.125 

- 

MUSKINGUM 

Ohio 

4-4 

231 

18 

103 

2.727 

14.318 

68.089 

85.134 

3.000 

61 

4-5 

146 

16 

68 

1 .808 

9.489 

98.417 

109.714 

3.247 

15 

4-3 

301 

25 

97 

2.555 

13.412 

142.579 

1 58 . 546 

4.665 

71 

4-6 

32 

3 

14 

356 

1.869 

33.290 

35.515 

880 

7 

4-2 

234 

21 

50 

1.329 

6.979 

81 .608 

89.916 

2.535 

71 

4rt-l 

23 

3 

7 

194 

1.017 

21.695 

22.906 

493 

1 1 

4., -7 

22 

4 

4 

97 

5" 

14.424 

15.032 

438 

10 

4d-8 

84 

5 

22 

584 

3.064 

45.314 

48,962 

1.251 

?l 

•♦a -5 

187 

6 

23 

605 

3.177 

2.243 

6.025 

610 

•>4 

4a -6 

294 

22 

66 

1.73' 

9.087 

125.548 

156.376 

5.200 

38 

4a-2 

42 

2 

13 

329 

1,725 

36 

2.090 

185 

'8 

4.1-4 

32 

- 

- 

- 

• 

- 

- 

- 

L 

4a-3 

165 

5 

22 

586 

3.075 

5.6I5 

9.276 

593 

32 

4-1 

396 

27 

181 

4.425 

25.478 

80.670 

110.573 

3.599 

50 

4n-  3 

482 

32 

138 

3.657 

19.199 

125.509 

148.365 

5,287 

84 

4h-7 

190 

4 

24 

630 

3.310 

21.107 

25.047 

884 

31 

4‘  -t 

295 

10 

58 

1.528 

B.022 

13.353 

22.903 

1 . 147 

2? 

4-  -1 

44 

4 

9 

228 

1 .194 

'3.717 

15.139 

485 

8 

4(  -3 

62 

3 

1? 

307 

1 .612 

28.175 

30.004 

82? 

74 

4-1-2 

184 

12 

42 

1 .103 

5.790 

8.475 

15.368 

830 

39 

4d-l 

343 

1 1 

103 

2,714 

14.247 

23.893 

40.854 

1 .924 

91 

4c  -4 

50 

3 

19 

559 

2.936 

5.503 

8.998 

toi 

9 

4.  -• 

72 

5 

24 

724 

3.803 

43. 706 

48,233 

1,010 

10 

4c-2 

92 

9 

?4 

624 

3.276 

61.554 

65.454 

1.294 

69 

irf»t"rshed  pro|ects  2C-3P  aod  3flA  e*tend  Into  Maryland. 


TABLf  25  (Corn'd} 

POTENTIALLY  FEASIBLE  WATERSHED  PROJECTS 


water 

Area  in  Number  Drainage  Area  Storage  Capacity  Surface  Cbennel 


Waiersh«d»^ ’ ^ 

Water$hed 
(Sq  Hi) 

of 

Structures 

Control  led 
(Sq  HI) 

Sediment 
(Ac  Ft) 

Floodwater 
(«C  Ft) 

Other  Uses 
(Ac  Ft) 

Total  Capacity 
(Ac  Ft) 

Area 
(Acres  1 

Improvement 

(Miles) 

LITTLE  KANAWHA 

U.  Va. 

5-3 

31 

6 

15 

360 

2.420 

4.529 

7.309 

261 

5-15 

43 

29 

26 

740 

4.970 

7.935 

13.645 

757 

- 

HOCKING 

Ohio 

6-3 

145 

5 

39 

826 

3.542 

25.879 

30.247 

796 

50 

6-A 

60 

6 

19 

572 

2.450 

4.486 

7.508 

304 

10 

6-8 

91 

13 

27 

851 

3.646 

23.245 

27.742 

992 

25 

6-10 

17 

3 

3 

101 

432 

3.046 

3.579 

123 

10 

KANAWHA 

W,  ya. 

7-9 

1 1 

1 

1 

20 

170 

209 

399 

20 

_ 

7-12 

95 

7 

28 

734 

6,262 

7.674 

14.670 

519 

3 

7-13,15 

120 

7 

86 

2,261 

19,294 

23.645 

45,200 

1.365 

- 

7-16 

5 

4 

3 

72 

615 

754 

1 .441 

53 

- 

7-17 

46 

1 1 

23 

604 

5.150 

6,310 

12.064 

363 

. 

7-19 

3 

1 

1 

34 

292 

358 

684 

14 

- 

7-22 

24 

5 

1) 

232 

1.979 

3.402 

5.6I3 

122 

- 

7-26 

73 

8 

32 

831 

7.087 

8.687 

16,605 

231 

- 

7-28 

25 

3 

12 

458 

3.904 

2.223 

6,585 

102 

- 

7a-1 

1 1 

3 

6 

160 

1.361 

1 .665 

3.186 

62 

- 

7a-2 

49 

2 

8 

194 

1.652 

591 

2.437 

93 

1 

7a-5 

137 

8 

49 

1.293 

1 1 .029 

6.719 

■9,041 

577 

5 

7a-6 

28 

1 

3 

80 

679 

833 

1.592 

31 

1 

7a-7 

54 

1 

1 1 

292 

2.492 

3.055 

5.839 

178 

4 

7a-l8 

86 

3 

16 

430 

3.667 

4.500 

8.597 

265 

- 

7a1-3 

123 

1 

1 

15 

124 

150 

289 

1 1 

• 

7al-5 

92 

1 1 

34 

1.205 

10.282 

11.753 

23.240 

545 

■ 

7b-6 

203 

10 

1 18 

3.041 

25.947 

32.615 

61.603 

338 

12 

7b-7 

104 

4 

57 

1 .506 

12.847 

15.740 

30.093 

715 

1 

7b-10 

39 

1 

8 

220 

1 .880 

2.304 

4.40L 

3(« 

6 

7b-13 

164 

3 

88 

2.308 

19.698 

24.918 

46.924 

617 

- 

7c-2 

35 

1 

22 

67 

576 

604 

1 .247 

49 

- 

7c-5 

79 

7 

37 

1 .043 

8.893 

9.646 

19.582 

434 

- 

7c-9 

19 

3 

8 

212 

1 .805 

2.209 

4.226 

136 

- 

7e-l0 

50 

2 

19 

499 

4.258 

5,218 

9.975 

272 

- 

7c-14 

143 

6 

56 

1,462 

12.469 

15.282 

29.213 

515 

- 

7d-6 

133 

13 

78 

2.044 

17.401 

21.339 

40.784 

794 

• 

7d-7 

105 

9 

55 

1,442 

12.300 

15.071 

28,813 

523 

■ 

7d-9 

65 

2 

42 

1,106 

9.434 

■1.562 

22,102 

273 

- 

Va. 

7a-l 

55 

5 

24 

614 

5.234 

_ 

5.848 

241 

2 

7a-4 

40 

4 

22 

574 

4.894 

6.064 

11.532 

363 

- 

7a-9 

94 

8 

36 

948 

8,085 

9.867 

18.900 

869 

■ 

GUYANOOTTE 

W.  Va. 

8-4 

52 

8 

26 

489 

4.284 

9.863 

14.636 

620 

1 

8-5 

84 

6 

48 

892 

7.847 

18.194 

26.933 

747 

3 

8-10 

27 

■ 

- 

- 

- 

. 

- 

- 

13 

6-18 

101 

4 

18 

341 

2.988 

6.872 

10.201 

262 

■ 

8-20 

106 

2 

68 

1 .602 

14.037 

22.299 

37.938 

668 

• 

8-21 

21 

2 

15 

357 

3.130 

4,834 

8.321 

143 

- 

8-24 

134 

5 

15 

379 

3.324 

4.672 

8.375 

186 

2 

BIG  SANDY 

9-1 

265 

16 

140 

3.556 

26.251 

63.633 

93.440 

3.203 

16 

9a -4 

12 

1 

5 

122 

903 

812 

1.837 

58 

- 

9a -8 

171 

8 

60 

1.508 

11,129 

11 .558 

24.195 

776 

- 

9a -9 

53 

6 

26 

633 

6.147 

5.990 

12.970 

381 

- 

9a-M 

11 

1 

3 

95 

705 

591 

1.391 

61 

2 

9a-l3 

17 

2 

7 

143 

1.057 

784 

1 .984 

79 

■ 

9a-l4 

64 

4 

24 

636 

4.694 

8.988 

14.318 

486 

. 

9a-16 

17 

2 

9 

243 

1.796 

5.061 

7.100 

243 

• 

9a-l7 

169 

5 

91 

2.219 

16.379 

25.905 

44.503 

1 .480 

- 

9a-l9 

16 

1 

5 

125 

925 

794 

1 .844 

77 

- 

9b- 1 

34 

2 

15 

400 

2,950 

2.854 

(>,20U 

153 

• 

9b-3 

21 

2 

9 

230 

1.700 

1.562 

3.492 

96 

- 

9b-5 

59 

3 

31 

824 

6,060 

8.600 

15.484 

424 

- 

9b-6 

83 

4 

33 

1,241 

9.158 

13.128 

23.527 

785 

- 

9b-7 

121 

4 

55 

1.386 

10,241 

20.922 

32.551 

1.158 

10 

W.  Va. 

9-1 

95 

9 

5 

Ml 

815 

879 

1.805 

>32 

M 

9b -4 

17 

3 

3 

83 

610 

527 

1.220 

48 

• 

9b-M 

72 

7 

15 

345 

2.549 

3.547 

6.441 

221 

• 

TABLE  25  (Cont'd) 

POTENTIALLY  FEASIBLE  WATERSHED  PROJECTS 


W*t€rsheds^*^ 

Area  In 
Watershed 
(5q  Hi) 

Number 

of 

Structures 

Drainage  Area 
Control  led 
(Sq  Mi) 

Sediment 
(Ac  Ft) 

Storage  Caoac  i 
Floodwater 
(Ac  Ft) 

Lii 

Other  Uses 
(Ac  Ft) 

Total  Capacity 
(Ac  Ft) 

Water 

Surface 

Area 

(Acres) 

Channe 1 
Improvement 
(Mi  Ics) 

BIG  SANDY  (Cont'd) 

V*. 

9-1 

62 

1 

17 

383 

2.827 

1.781 

4.991 

162 

2 

9-i* 

104 

1 

27 

515 

3.804 

- 

4.319 

98 

- 

SCIOTO 

Ohio 

10-^ 

15 

_ 

. 

. 

. 

. 

. 

9 

10-6 

145 

3 

24 

64n 

3.355 

9.039 

13.043 

410 

24 

10-12 

16 

. 

. 

. 

. 

_ 

. 

1 1 

10-13 

23 

- 

- 

- 

- 

- 

- 

- 

7 

10-16 

53 

2 

6 

155 

799 

1.123 

2,077 

134 

- 

10-21 

280 

8 

50 

1.328 

6.872 

14.664 

22.864 

1.170 

64 

10-22.1 

45 

- 

- 

- 

- 

- 

- 

- 

14 

10-22.2 

201 

10 

37 

978 

5.058 

3.355 

9.391 

738 

51 

10-22.3.4 

312 

8 

41 

1 .092 

5.655 

3,345 

10.092 

916 

46 

10-24.2 

475 

8 

51 

1.350 

6.987 

5.168 

13.505 

946 

14 

10-30 

17 

- 

- 

- 

- 

- 

- 

- 

7 

10-31 

1 1 1 

2 

9 

248 

1.283 

- 

1.531 

207 

36 

10-32 

391 

6 

47 

1.244 

6,441 

5.650 

13.335 

1 .010 

100 

IOa-3 

16 

- 

. 

• 

- 

. 

- 

. 

6 

)0a-4 

14 

1 

5 

137 

709 

8.387 

9.233 

232 

7 

IO«-5 

40 

2 

4 

119 

614 

1 .495 

2,228 

109 

- 

10* -6 

145 

5 

27 

720 

3.723 

24.697 

29.140 

1 .047 

- 

IOd-7 

277 

7 

38 

1 ,028 

5.323 

19.009 

25.360 

1,114 

- 

10-10 

306 

12 

64 

1,712 

8,856 

55.478 

66.046 

1.338 

57 

10-10.1 

247 

11 

46 

1 .240 

6,415 

51.975 

59.630 

1 .236 

42 

LITTLE  MIAMI 

V 

Ohio 

11-5 

58 

7 

24 

602 

3.417 

4.829 

8.848 

424 

. 

11-8 

261 

10 

92 

2.243 

12,801 

25.161 

40.205 

2.050 

45 

11-9.9.1 

239 

10 

48 

1.179 

6,686 

14,528 

22.393 

1.191 

61 

n-u 

34 

4 

19 

480 

2,726 

2.862 

6,068 

245 

5 

11-1 1 

47 

2 

3 

76 

431 

1.005 

1.512 

78 

17 

11-10.12 

214 

3 

17 

430 

2.439 

4,276 

7.145 

284 

72 

GREAT  MIAMI 

Ohio 

13-3 

16 

1 

2 

48 

260 

935 

1.243 

47 

6 

13-4 

106 

17 

39 

1 ,007 

5.464 

4.564 

11.035 

655 

31 

13-5 

322 

M 

58 

1,499 

6.134 

8.698 

18.331 

1.158 

81 

13-8 

48 

1 

6 

164 

889 

394 

1,447 

59 

12 

13-9 

315 

9 

74 

1.926 

10,452 

4.397 

16.775 

1.099 

48 

13-11. »3 

54 

- 

. 

■ 

. 

. 

- 

. 

12 

13-14. 2-14. 25 

141 

4 

8 

208 

1.127 

2.139 

3.474 

272 

35 

13-14.3.14.4 

309 

15 

35 

915 

4.964 

16.345 

22.224 

1.237 

69 

13-15.5 

201 

3 

20 

529 

2.868 

648 

4,045 

554 

32 

13-15.6 

217 

6 

31 

601 

4.349 

2.120 

7.270 

936 

57 

13-21 

56 

2 

5 

127 

687 

153 

967 

123 

13 

13-24 

63 

1 

10 

309 

1 .406 

- 

1.715 

118 

21 

13-25 

332 

3 

12 

300 

1.630 

- 

1.930 

193 

49 

,in^ 

13a-1,2 

529 

16 

285 

7.065 

38.758 

37.322 

83.145 

3.149 

. 

l3a-8 

386 

16 

83 

2.174 

11.800 

1 1 .710 

25.684 

923 

- 

13a -4 

119 

II 

34 

1,128 

6.122 

19.343 

26.593 

1.303 

39 

LICKING 

12-1 

147 

7 

76 

2.175 

13.475 

59.111 

74.761 

2.503 

. 

12-2 

48 

4 

30 

748 

4.632 

6.477 

11.857 

466 

3 

12-7 

51 

1 

5 

- 

- 

1.349 

t.349 

71 

6 

12-12 

39 

3 

13 

254 

1.576 

8.453 

10.283 

414 

12 

12-14 

187 

17 

87 

2.484 

15.398 

27.493 

45.375 

1.639 

20 

12-15 

50 

2 

42 

1,332 

0,248 

9.784 

19.364 

487 

. 

12-16 

79 

5 

25 

795 

4.923 

825 

6.543 

319 

7 

12-21 

120 

4 

80 

2.435 

15.085 

47.853 

65,373 

2,104 

12a-t 

282 

22 

144 

3.027 

18.753 

37.859 

59.639 

3.737 

- 

KENTUCKY 

14-6 

70 

5 

30 

1,115 

8.889 

3.036 

13.040 

550 

16 

14-8 

58 

3 

32 

925 

7.375 

324 

8.624 

210 

7 

14-12 

111 

1 

73 

1 .360 

10.840 

- 

12.200 

259 

- 

14-13 

74 

2 

30 

891 

7.108 

3.289 

11,288 

295 

- 

14-14 

217 

IS 

•36 

1.932 

15.407 

56.112 

73.451 

1,618 

20 

14-20 

119 

2 

64 

1,749 

13.950 

681 

16.380 

509 

- 

14-21 

85 

3 

60 

1 .432 

1 1 .417 

8.646 

21.495 

587 

- 

14-22 

25 

3 

12 

283 

1 .901 

5.011 

7.195 

274 

• 

14-23 

96 

2 

74 

1.905 

15.193 

5.752 

22.850 

985 

- 

J 


TABLE  25  (Cont'd) 

POTENTIALLY  FEASIBLE  WATERSHED  PROJECTS 


Area  in 

Number 

Drainage  Area 

Storage  Capac i tv 

water 

Surface 

Channe 1 

Watershed 

of 

Control  led 

Sediment  Floodwater  Other  Uses 

Total  Capacity 

Area 

Improvement 

(So  Mi) 

Structures 

tSO  Ml) 

(Ac  Ft)  (Ac  Ftl  (Ac  Ft) 

(Ac  Ft) 

(Acres) 

<M''F») 

KENTUCKY  (Cont'd) 

14-27 

99 

1 

63 

1 .224 

9.774 

. 

11.000 

419 

. 

14-37 

1 10 

3 

57 

1 .677 

13.372 

4.524 

19.573 

629 

- 

14-33 

107 

5 

62 

1.794 

14.305 

8.943 

25.042 

1 . 140 

- 

14-34 

22 

1 

1 1 

329 

2,621 

1 .250 

4.200 

123 

2 

14-36 

82 

3 

47 

1.347 

1 1 ,032 

101 

12.480 

375 

- 

14-39 

36 

3 

24 

713 

5.686 

1.551 

7.950 

216 

6 

14a -6 

246 

13 

149 

5.194 

41.426 

8.487 

55.107 

1 , 180 

4 

l4a-9 

42 

1 

28 

836 

6.664 

900 

8.400 

226 

5 

I4a-I0 

202 

1 

105 

3.013 

24,034 

953 

28.000 

606 

- 

14b-2 

247 

15 

141 

4,409 

35.162 

23.714 

63.285 

1 .740 

- 

l4b-3 

30 

4 

13 

437 

3.487 

5.507 

9.431 

214 

- 

l4b-5 

18 

3 

8 

234 

1 .866 

2.776 

4.876 

136 

- 

14-30 

64 

1 

18 

201 

1 .601 

743 

2.545 

102 

- 

SALT 

15-6 

62 

1 

33 

935 

7.365 

2.576 

10.876 

511 

. 

15-7 

75 

1 

53 

1 160 

9. 140 

3.081 

13.381 

699 

- 

15-12 

55 

3 

15 

409 

3.222 

11.396 

15.027 

682 

- 

15-14 

163 

9 

72 

2.033 

16.059 

21.075 

39.167 

1,826 

- 

15-16 

36 

5 

10 

279 

2.196 

3.308 

5.783 

242 

- 

I5a-l 

239 

12 

145 

3.294 

25.957 

14.875 

44.126 

1.767 

• 

15a-: 

24 

2 

17 

726 

5,72(t 

23.043 

29.493 

1 .096 

- 

15a -6 

84 

5 

40 

1.165 

9.185 

1.606 

11.956 

579 

- 

15a -7 

60 

5 

33 

997 

7.854 

4,410 

•3.261 

615 

- 

15a -8 

50 

3 

31 

1 .002 

7.898 

5.643 

14.543 

599 

6 

GREEN 

1 

16-1 

363 

6 

109 

2.950 

16,940 

18,510 

38.400 

2.157 

; 16-2 

83 

5 

30 

918 

5.272 

9.485 

15.675 

692 

- 

16-4 

289 

5 

162 

4.597 

26.403 

34.268 

65.268 

1.722 

- 

16-5 

to 

1 

6 

178 

1 ,022 

2.075 

3.275 

98 

- 

16-6 

135 

6 

71 

2.678 

15.382 

309 

18.369 

733 

- 

16-7 

83 

3 

21 

489 

2.811 

7.541 

10,841 

439 

- 

16-8 

256 

13 

81 

1.909 

10.963 

59.233 

72.105 

2.645 

- 

16-9 

30 

1 

20 

464 

2,666 

1.743 

4,873 

231 

- 

16-10 

52 

4 

34 

792 

4.548 

1 1 .091 

16.431 

816 

9 

16-11 

52 

2 

19 

438 

2.512 

6.182 

9.132 

515 

6 

16-12 

20 

2 

7 

176 

1.009 

12.426 

13,61 1 

500 

7 

16-15 

93 

1 

36 

845 

4.855 

2.991 

8.691 

374 

7 

16-18 

159 

6 

44 

1 , 142 

6.558 

25.252 

32.952 

1.145 

16  1 

16-20 

32 

3 

7 

177 

1.013 

6.506 

7.696 

280 

16-22 

54 

10 

33 

787 

4.518 

27.302 

32.607 

1.336 

10  - 

16-28 

126 

5 

34 

1 .025 

5.885 

8.412 

15.322 

937 

5 J 

16-29 

37 

3 

19 

455 

2.610 

12.935 

16.000 

1.142 

5 

16-31 

28 

2 

6 

151 

869 

3.748 

4.768 

419 

8 , 

16-32 

27 

4 

12 

313 

1./97 

9.007 

11.117 

892 

6 j 

16-34 

121 

16 

41 

961 

5.521 

41  ,616 

48.098 

2.786 

25  1 

16-36 

103 

1 1 

25 

606 

3.483 

19.125 

23.214 

1.347 

27 

16-37 

57 

4 

20 

466 

2.690 

20.259 

23.417 

1 .385 

10 

16-38 

10 

1 

6 

147 

843 

4.449 

5.439 

489 

' 

16-39 

26 

1 

4 

104 

596 

2.319 

3.019 

310 

5 

16-40 

25 

3 

10 

236 

1 .352 

5.120 

6.708 

519 

8 ; 

l6a-2 

86 

7 

28 

663 

3.809 

6.937 

1 1 .409 

555 

■ 

Tenn, 

I6a-3 

lie 

4 

53 

2.397 

13.763 

99.955 

116. 115 

2.839 

12 

16a -6 

14 

2 

8 

197 

1.133 

3.382 

4.712 

152 

. 

16a -8 

74 

5 

35 

822 

4.723 

13,759 

19.304 

721 

- 

l6a-9 

139 

5 

54 

1 .299 

7.461 

2.485 

1 1 .245 

644 

- ; 

I6a-I2 

20 

2 

10 

228 

1.307 

6.970 

8.505 

300 

2 

I6a-13 

79 

3 

44 

1.309 

5.971 

16.495 

582 

- 

I6a-I5 

17 

1 

5 

128 

732 

1.056 

56 

- 

I6a-I6 

47 

2 

27 

659 

3.791 

3.847 

8.297 

361 

- 

I6a-l8 

135 

10 

59 

1.515 

8.639 

14.561 

24.715 

960 

24 

l6a-20 

48 

3 

19 

451 

2.589 

9.440 

12,480 

552 

- 1 

l6b-2 

58 

4 

30 

691 

3.971 

7.593 

12.255 

485 

7 1 

16b -4 

8 

1 

5 

108 

622 

1.772 

2.502 

96 

- 

l6b-6 

65 

7 

28 

644 

3.701 

6,401 

10.746 

655 

15 

16b -9 

73 

6 

23 

543 

3.117 

14.274 

17.934 

1 .076 

15  J 

16c-3 

67 

4 

8 

192 

1.103 

7.094 

8.389 

469 

28 

16c -4 

32 

1 

S 

117 

673 

1.325 

2,115 

162 

II  i 

l6c-5 

35 

5 

13 

311 

1.787 

7.563 

9.661 

678 

8 ; 

16c -6 

37 

- 

- 

• 

- 

- 

10 

16-33 

8 

- 

- 

- 

• 

- 

• 

5 ' 

wabash-^m^arras 

I7g-I .EM-1 

28 

! 

3 

114 

923 

2.025 

3.062 

121 

- 

179-2. EM-2 

35 

• 

- 

• 

- 

- 

- 

13 

179-3. EM-3 

55 

5 

It 

398 

2.224 

8.489 

11,111 

412 

- 

179-4. EM-4 

.... 

1 

4 

^ 

TABLE  25  (Cont'd) 

POTENTIALLY  FEASIBLE  WATERSHED  PROJECTS 


Area  in 
Watershed 


WABASH-EMBARRAS  (Cont'd) 


WABASH-SALAMONIE 

17-15.8:5-8 
I7-I^.I3;S-13 
17-15.10:5-10 
17-15. '2-.S-12 
17-12. 1S:S-I5 

WABASH-WHITE -HA IN  STEM 

17h-i*,i»;WM-i* 

l7h-3.5:WM-5 

l7h-2.6:WM-6 


I7d-2,4;W-i* 

17d-3.3;W-3 


WABASH-VERMILION 


Drainage  Area  Storage  Capacity  Surface  Channel 

Controlled  Sediment  Floodwater  Other  Uses  Total  Capacity  Area  improyement 

(So  Mi)  (Ac  Ft)  (Ac  Ft)  (Ac  Ft)  (Ac  Ft)  Ucresl 


l7g-5;EM-5 

101 

2 

1 1 

460 

3.729 

4.304 

8.493 

176 

_ 

17g-7:EM-7 

38 

8 

17 

598 

4,841 

6.764 

>2.203 

357 

. 

I79-8.EM-8 

lOI 

7 

26 

959 

7.763 

4.460 

<3.182 

127 

. 

l79-n:EH-ll 

357 

16 

172 

5,756 

46.617 

44,827 

97,200 

2.890 

_ 

I7g-I2:EM-I2 

78 

7 

29 

1.067 

8.640 

2.894 

12,601 

186 

. 

17g-20;EM-20 

5? 

k 

30 

1,182 

9,573 

9.823 

20.578 

326 

. 

17g-2l ;EM-21 

216 

18 

77 

3.537 

28.654 

26,166 

58.357 

1.187 

. 

l7g-23;EM-23 

57 

5 

42 

1.586 

12,846 

11,571 

26,003 

271 

. 

l7g-33;EM-33 

- 

- 

. 

- 

- 

- 

. 

17 

i7g-3»;£M-3i 

18 

- 

- 

- 

- 

- 

. 

. 

3 

179-32 ;EM-32 

Ul 

- 

. 

- 

- 

- 

- 

- 

17 

179-AI .36:EH-36 

37 

- 

- 

- 

- 

- 

. 

19 

I79-^*2.37;EM-37 

9 

- 

- 

- 

- 

- 

- 

- 

5 

463 

3.749 

12.521 

16.733 

781 

. 

168 

1.361 

3,813 

5.342 

161 

- 

137 

1,112 

129 

1.378 

122 

6 

413 

3.347 

1.756 

5.516 

36 

, 

. 17e-3:V-3 

16 

1 

13 

316 

2.556 

1.055 

3.927 

79 

. 

17e-7;V-7 

125 

- 

• 

- 

- 

- 

> 

- 

36 

! l7e-M:V-ll 

72 

1 

15 

425 

3.455 

2.335 

6.215 

50 

10 

17e-12;V-l2 

390 

2 

19 

416 

3.366 

848 

4.630 

70 

35 

17e-21 ;V-21 

308 

- 

- 

- 

- 

- 

- 

- 

43 

WABASH-HISSISSENEWA 

I7a-2,13;MI-13 


I7a-2.I4;MI-I4 

75 

. 

_ 

. 

. 

. 

22 

I7a-1.17;MI-I7 

263 

- 

. 

. 

. 

. 

. 

134 

l7a-2,8:Ml-8 

58 

- 

- 

• 

- 

- 

- 

13 

WABASH-UPPER  WABASH 

I7-8.5:U-5 

287 

6 

66 

1 .278 

10,349 

2.051 

13.678 

856 

3 

l7-6.6;U-6 

92 

• 

- 

. 

- 

- 

■ 

28 

I7-3.I0:U-I0 

27 

- 

. 

_ 

. 

. 

- 

. 

1 1 

I7-3.11;U-II 

11 

- 

. 

. 

. 

. 

. 

. 

5 

17-3.I4;U-I4 

108 

1 

1 

24 

<96 

1.535 

1.755 

82 

I7-3.16;U-16 

6 

- 

- 

- 

- 

- 

- 

■ 

3 

17-2.20;U-20 

260 

- 

* 

- 

- 

- 

• 

- 

12 

WA8ASH-TIPPECAN0E 

17c-2l.9:T-9 

156 

. 

. 

. 

45 

1>c-19.IO:T-IO 

II 

- 

- 

. 

- 

. 

10 

I7c-18.16;T-16 

7 

• 

. 

. 

4 

I7e-I 1 .25;T-25 

14 

- 

- 

. 

- 

- 

6 

l7e-8.34;T-}4 

3 

• 

• 

. 

• 

- 

3 

17c-7.36;T-36 

103 

- 

• 

- 

. 

- 

35 

17c-20.13;T-13 

168 

- 

- 

. 

. 

- 

63 

I7c-9.3«;T-31 

4 

- 

- 

_ 

- 

- 

4 

l7c-9.32.T-32 

9 

- 

- 

• 

6 

l7c-9.33;T-33 

19 

- 

- 

- 

- 

- 

8 

WABASM-EEL 
176-1. 13. EL-13 


I7F-I0>:SC-A 

«7f-5.l);SC-lJ 

l7F-2-3.l'*:SC-lA 

WABASH-PATOKA 


167 

1.357 

2,010 

3.534 

873 

7.073 

4.207 

12.153 

171-12, 12-.P-12 

14 

2 

6 

175 

I,4l8 

3.753 

5.346 

135 

. 

171-9. I5:P-15 

18 

4 

7 

175 

1.418 

6.530 

8.123 

332 

6 

I7I-7,16:P-I8 

5 

1 

3 

70 

567 

1.1 55 

1.792 

87 

2 

171-6, 20;P-20 

18 

2 

6 

171 

1.383 

7.961 

9.515 

469 

- 

171-6. 2I;P-2I 

83 

4 

14 

392 

3.178 

19.009 

22.579 

926 

. 

171-4, 22;P-22 

66 

15 

33 

811 

6.579 

41.532 

48.922 

1.390 

19 

171-3. 32;P-32 

14 

3 

to 

217 

1.756 

13.756 

15.729 

437 

4 

171-3. 34;P-34 

21 

2 

6 

140 

1,131 

8.567 

9.838 

234 

7 

table  25  (Confd) 

POTEwriALLr  ffiASlSU  hiATEASMEO  PfiDJECTS 


Ort'ntqg  Are« 
Com  rot  led 


iM 


WABASM-WEST  rORK  VHITI 


l7hl.t*9,2.W-2 

38 

2 

9 

210 

1 .682 

2.238 

4.130 

288 

8 

17M.45.9.W-9 

132 

3 

8 

206 

1.655 

3.844 

5.705 

285 

- 

I7hl-I*0. 15.W-I5 

27 

3 

12 

290 

2.348 

8.932 

".570 

321 

- 

I7hi-}6.I6.W-I6 

58 

8 

23 

534 

4.325 

32.350 

37,209 

906 

• 

I7h1-)7.I7,W-17 

108 

17 

46 

1.075 

8.707 

51.223 

61.005 

1 .619 

- 

17Me-l7.23.tf-23 

55 

6 

31 

684 

5.538 

37.470 

43.692 

1.514 

I7h}«>l6.24,w.2t* 

24 

2 

4 

81 

659 

2.666 

3.606 

'92 

17hle-l5.25.W-25 

4 

1 

3 

76 

592 

1 .622 

2.290 

69 

- 

I7hl«-I 1 .30.W-3O 

67 

6 

24 

683 

5.527 

14,415 

20.625 

676 

- 

I7hl«-I0.31  .w-31 

28 

5 

12 

270 

2.184 

12.95' 

15.405 

599 

l7hl«-9.32,w-32 

7 

1 

4 

52 

423 

497 

972 

63 

t7hl«-8.33.w-33 

38 

4 

17 

392 

3.178 

22.979 

26.549 

873 

l7hl«-7.3‘*,w-3^» 

1 1 

1 

4 

>03 

836 

2.395 

3,334 

154 

- 

l7M«-6.35.w-35 

40 

4 

18 

453 

3.671 

10.252 

14.376 

422 

- 

t?h1«-3.36.w-36 

292 

14 

50 

794 

6.430 

7.118 

14.342 

868 

53 

l7h1«-4.)7;W-37 

91 

1 

43 

1,170 

9.475 

24.118 

34.763 

814 

- 

l7hla*l-2.38.w-38 

33' 

19 

225 

5.697 

46.136 

174.094 

225.927 

3.475 

I7h1-32.40;W-40 

58 

6 

3' 

677 

5.480 

26.452 

32.609 

965 

- 

I7t^l-31 .41  ;W-41 

50 

3 

36 

754 

6.102 

6.S14 

'3.370 

180 

- 

t7hl-30.43.W-43 

24 

1 

13 

317 

2.567 

10.538 

13.422 

292 

l7h)-24.48.W-48 

12 

1 

3 

56 

452 

3,459 

3.967 

67 

- 

l7hl-25.52.W-52 

1 1 

1 

5 

1 1 1 

903 

3.096 

4.110 

75 

- 

l7hI-25.5‘»;W-54 

16 

3 

6 

120 

970 

7.318 

8.408 

211 

- 

17hI-24.55.W-55 

7 

1 

2 

49 

399 

2.922 

3.370 

93 

• 

l7h1-23.57.W-57 

92 

10 

40 

748 

6.055 

33.715 

40.518 

I.IIO 

- 

t7hl-l9.59.W-59 

23 

2 

3 

65 

524 

3.239 

3.828 

167 

17h)-20,^0;W-60 

3O6 

7 

117 

2.968 

24.039 

14,684 

41 .691 

311 

I7hl-t9.6l ,w-6l 

59 

5 

36 

795 

6.435 

21 .542 

28.772 

665 

- 

l7hl-l8.62.w-62 

16 

2 

7 

142 

1.153 

3.174 

4.469 

ISO 

- 

l7hl-l7,6S.w-65 

18 

1 

7 

173 

1 ,400 

2,764 

4.337 

24 

- 

l7hl-l2.72.W-72 

320 

1 

42 

1.067 

8.707 

2.939 

12.713 

127 

46 

t7hl-3.84.w-84 

103 

- 

- 

- 

- 

- 

- 

- 

4 

I7hl-I .86.W-66 

98 

- 

- 

. 

- 

- 

- 

- 

48 

l7hla-l5.89:W-89 

12 

1 

9 

221 

1 .800 

1 1 .404 

13.425 

583 

- 

l7hla-)4.94:W-9‘« 

6 

1 

2 

55 

449 

962 

1.466 

148 

* 

WABASH-LITTLE  WABASH 

l7jl-2;L-2 

20 

4 

9 

314 

2.544 

11.300 

14.158 

546 

- 

l7jl-3;L-3 

10 

- 

- 

- 

- 

- 

- 

• 

4 

I7J1-6.L-6 

13 

. 

- 

- 

- 

- 

- 

- 

5 

l7jl-8;L-8 

3' 

3 

8 

227 

1,841 

8.272 

10.340 

467 

- 

17jl-9;L-9 

32 

2 

6 

162 

1.309 

771 

2.242 

90 

12 

l7jl-7;L-7 

36 

1 

4 

73 

594 

969 

1.636 

164 

16 

I7jl-I0;L-I0 

14 

- 

. 

. 

- 

- 

- 

- 

7 

I7jl-11 .L-ll 

6 

1 

3 

74 

599 

3.312 

3.985 

218 

- 

I7JI-I2.L-I2 

226 

4 

32 

805 

6.516 

3.293 

10.616 

395 

74 

t7jl-l^*;l.-l4 

36 

1 

3 

96 

781 

1 .593 

2.470 

141 

15 

I7jl-I5;L-I5 

79 

4 

47 

>.436 

11.652 

12.846 

25.936 

762 

- 

I7jl-I8.L-I6 

108 

5 

42 

1,241 

10.057 

'7.966 

29.264 

1 .105 

- 

I7jl-2I.L-21 

57 

2 

20 

6/8 

5.496 

10.245 

16.419 

574 

- 

I7jl-22.L-22 

262 

6 

131 

4,012 

32.505 

64,656 

101.173 

2.416 

• 

l7j-27,L-27 

35 

1 

4 

>44 

1.165 

7.687 

8.996 

295 

- 

17J-29.L-29 

38 

2 

5 

201 

1.631 

4.195 

6,027 

203 

- 

I7J-3^.L-JA 

277 

13 

182 

6.200 

50.234 

743. 812 

800.246 

2.956 

- 

17j-39.L-39 

195 

6 

84 

2.844 

23.043 

19.213 

45,100 

1.121 

- 

l7j-*2;L-42 

3'2 

8 

>44 

4,200 

34.030 

■8,808 

57,038 

1.174 

- 

I7J-44.L-44 

30 

2 

9 

313 

2.535 

2.897 

5.745 

144 

- 

l7j-45.l.-45 

47 

1 

26 

538 

4.361 

2.046 

6.945 

117 

- 

I7J-<*6.L-46 

52 

2 

35 

2.252 

19,287 

1.896 

22.435 

371 

- 

>7j-50.t-50 

67 

1 

9 

289 

2.341 

1.344 

3.974 

35 

- 

I7J-5I.L-5I 

94 

4 

60 

2,282 

18.487 

11.721 

32.490 

622 

- 

l7j-52;L-52 

387 

10 

171 

3.431 

27,695 

56.877 

88.003 

1.138 

* 

WABASH-MAIM  STEM 

17-125. I;M-1 

254 

10 

146 

3.607 

29.209 

46.943 

79.759 

2.71 1 

42 

17-121. 3. H-3 

16 

I 

6 

200 

I.6I9 

3.954 

5.773 

306 

10 

17-1 18.5.M-5 

21 

2 

8 

270 

2.185 

10.757 

13.212 

587 

- 

17-1 10. 1 1 ,n-\  1 

36 

- 

- 

- 

- 

- 

- 

- 

15 

17-107. l<«;M-t4 

77 

- 

- 

- 

- 

- 

* 

- 

11 

17-103. I9.M-I9 

24 

2 

8 

210 

1 ,701 

4,069 

5,980 

81 

- 

17-102. 20. M-20 

18 

1 

5 

129 

1,048 

2.100 

3.277 

27 

- 

17-99. 23. H-23 

6 

f 

1 

29 

230 

1.113 

1.372 

85 

- 

17-93. 29. H-29 

38 

8 

16 

430 

3.479 

4.779 

8.666 

478 

10 

17-88. 33. M-33 

42 

1 

9 

280 

2,267 

7.453 

10.000 

301 

• 

17-87. 31*. H-34 

125 

8 

65 

1.663 

13.471 

10.733 

25.867 

847 

34 

17-85. 35, M-35 

17 

1 

6 

191 

1.463 

2.366 

4.010 

25 

• 

l;-82.98.M-38 

108 

4 

56 

1.653 

13.386 

31 ,446 

46.485 

1.326 

- 

17-77. 42. M-42 

96 

9 

39 

937 

7.590 

14.218 

22.745 

677 

- 

17-76.43. M-43 

43 

2 

29 

822 

6.657 

18.665 

26,144 

646 

- 

I7-7;.44.H-44 

97 

4 

59 

1.354 

10.967 

21.301 

33.622 

1.193 

- 

f7-7l.47.M-47 

>24 

7 

52 

1.228 

9.943 

32.094 

43.265 

1 .203 

- 

*7-70.48,M-48 

IS 

1 

6 

129 

1 ,041 

2.425 

3.595 

166 

- 

17-68, 50. M-50 

25 

3 

16 

360 

2.970 

10.602 

14.148 

348 

- 

17-52. 65. «-6s 

64 

. 

- 

• 

• 

• 

13.834 

- 

31 

17-46. 69. M-69 

52 

1 

47 

1,184 

9,590 

3.060 

81 

9 

17-39. 76. H-76 

M 

- 

8 

17-39. 77.H-77 

29 

- 

16 

17-36, 78. M-78 

3'8 

- 

127 

17-34. 80. M-80 

■ 3 

- 

7 

17-34. 82. M-82 

29 

- 

9 

TABLE  25  (Cont'd) 

POTENTIALLY  FEASIBLE  WATERSKZD  PROJECTS 

Water 


watersheds^ ' ^ 

Area  in 
Watershed 

isq  Hi) 

Number 

of 

Structures 

Drainage  Area 
Control  led 
(So  Mi) 

Sediment 
(Ac  Ft) 

Storage  Caoac  i 
Floodwater 
Wc  Ft) 

^ 

Other  Uses 
(Ac  Ft) 

Total  Capacity 
(Ac  Ft) 

Surface 

Area 

(Acres) 

Channe 1 
Improvement 
(Mi les) 

WABASH-HAIN  STEM  fCont'd) 

l7-31.85.M-85 

22 

. 

. 

- 

_ 

. 

3 

17-31 ,87;M-87 

61 

- 

- 

- 

- 

. 

. 

. 

13 

17-117. 100. M-lOO 

271 

9 

61 

2.071 

16,807 

25.519 

44.397 

1.228 

17-68.101 :H-I0I 

8 

1 

3 

64 

515 

493 

1 .072 

30 

- 

17-120. «*;M-4 

100 

7 

12 

317 

2.568 

14,030 

16. 915 

746 

- 

17-102.21 ;M-21 

105 

- 

- 

- 

- 

_ 

. 

. 

7 

17-73. ‘•5;M-i*5 

27 

4 

10 

303 

2.452 

7.288 

10.043 

242 

- 

17-55. 55;H-55 

264 

2 

77 

1.981 

16,045 

4.905 

22.931 

171 

- 

17-69. 49;M-1*9  31*1 

WABASH-EAST  FORK  WHITE 

4 

82 

1 .931 

15.639 

2.942 

20.512 

332 

20 

t7h2-46.l ;E-1 

18 

3 

9 

263 

2.130 

9.258 

1 1 .651 

616 

. 

17h2-45.2;E-2 

35 

4 

14 

262 

2,124 

6.283 

8.669 

229 

7 

l7h2-4i*.3;E-3 

5 

1 

2 

51 

414 

1.182 

1 .647 

115 

. 

l7h2-l*0.7;E-7 

18 

3 

9 

207 

1.677 

8.540 

10.424 

5I6 

■ 

17h2-40.9;E-9 

19 

3 

4 

99 

801 

3.086 

3.986 

314 

- 

I7h2-1«I.10:E-I0 

329 

9 

171 

3.977 

32,208 

6.374 

42.559 

1.709 

12 

I7h2-37.13;E-13 

22 

1 

13 

309 

2.505 

14.901 

17.715 

903 

4 

t7h2-36.14;£-lL 

68 

7 

19 

430 

3.482 

26,105 

30.017 

333 

- 

I7h2-31*.15;E-15 

170 

10 

42 

1 .014 

8.215 

31.514 

40.743 

921 

- 

I7h2-24.18;E-I8 

97 

4 

36 

754 

6.107 

32.279 

39.140 

735 

- 

17h2-20.23:E-23 

17 

2 

7 

144 

1,168 

9,448 

10,760 

289 

- 

l7h2(b)-7.27.E-27 

26 

2 

10 

227 

1,842 

6.130 

8.199 

413 

l7h2(b)-2.28;E-28 

35 

I 

25 

625 

5.063 

4.839 

10.527 

440 

. 

17h2(b)-l-2.30;E-30 

437 

19 

269 

2.529 

20,480 

164.396 

187.405 

6.735 

64 

17h2(b)-3.32.E-32 

317 

3 

13 

318 

2.576 

4.615 

7.509 

233 

- 

17h2-33.35;E-35 

1 1 

1 

5 

99 

802 

6.852 

7.753 

108 

. 

17h2-33.37;E-37 

54 

3 

26 

545 

4.415 

23.618 

28,578 

740 

17h2-29.30.38;E-38 

200 

1 

1 

187 

1.514 

9.600 

11.301 

272 

- 

17h2-l7.39;E-39 

4 

2 

3 

65 

528 

3.919 

4.512 

131 

■ 

l7h2-l5.42;E-42 

94 

9 

70 

1 .669 

13.961 

48.934 

64.564 

3.207 

. 

17H2-15.43;E-43 

15 

- 

- 

. 

. 

. 

- 

8 

l7h2-l3,44;E-44 

12 

- 

- 

. 

- 

- 

_ 

10 

43 

2 

17 

451 

3.652 

1 .702 

5.805 

59 

- 

t7h2-10.46:E-48 

18 

3 

7 

146 

7.270 

8.597 

574 

. 

17h2-6.50;E-50 

20 

- 

- 

- 

- 

- 

. 

9 

l7h2-5.52;E-52 

80 

2 

13 

178 

1.437 

2.891 

4.506 

312 

28 

l7H2-8.55;E-55 

13 

1 

7 

145 

1.176 

7.837 

9.158 

263 

- 

17h2(a)-2.62.E-62 

389 

2 

57 

1.349 

10.888 

15.828 

28.065 

661 

. 

l7h2-28,66:E-66 

190 

3 

12 

258 

2.09) 

•5.845 

18.194 

408 

. 

l7h2-44.67;E-67 

7 

1 

3 

80 

645 

2.884 

3.609 

185 

. 

l7h2-17.68:E-68 

9 

4 

3 

83 

669 

4.668 

5.420 

163 

. 

I7h2-22.70;E-70 

18 

1 

12 

250 

2.025 

1.033 

3.308 

19 

- 

t7h2-40.74;£-74 

5 

1 

2 

40 

324 

2.171 

2.535 

91 

. 

l7h2-8.49;E-49 

59 

1 

12 

303 

2.455 

2.988 

5.746 

40 

12 

17*>2(b)-8.25;E-25 

34 

5 

13 

265 

2, 143 

668 

3.076 

107 

12 

WABASH-BIG  RACCOON 

17-65. 3;8-3 

154 

17 

. 

1.472 

11.922 

3.268 

16.662 

565 

43 

17-62.4;B-4 

CUMBERLAND 

208 

6 

108 

1.275 

10.323 

6.687 

18.285 

911 

10 

20-6 

30 

2 

16 

303 

2.599 

4.8}4 

7.736 

174 

. 

20-7 

93 

8 

55 

1.320 

11.143 

15.666 

28.129 

659 

6 

20-10 

44 

1 

1 1 

159 

1.343 

3.276 

4.778 

118 

3 

20-18 

21 

2 

8 

I6l 

1 .360 

14.470 

15.991 

375 

20-20 

46 

5 

19 

334 

2.819 

29.668 

32.821 

1 .007 

12 

20-28 

24 

1 

16 

217 

1.835 

9.718 

11.770 

269 

2 

20-29 

25 

5 

16 

229 

1.933 

>6.297 

18.459 

421 

5 

20-35 

113 

6 

64 

1 .214 

10,248 

44.325 

55.787 

1 ,404 

12 

20-37 

25 

3 

8 

159 

1.343 

12.051 

13.553 

420 

10 

20-40 

24 

3 

10 

143 

1.206 

8.287 

9.638 

235 

20-46 

30 

4 

16 

257 

2.168 

3.341 

5.766 

232 

. 

20-66 

67 

12 

42 

624 

5.272 

14.553 

20.449 

490 

- 

20-71 

128 

7 

47 

661 

5.585 

24,964 

31.230 

1.365 

12 

20-72 

37 

2 

14 

199 

1.683 

6.849 

8. 731 

360 

6 

20b-2 

122 

7 

32 

430 

3.634 

48.642 

52.706 

1.237 

5 

20b-3 

44 

5 

21 

294 

2.479 

24.417 

27.190 

809 

4 

Tenet. 

20-2 

38 

1 

18 

286 

2.417 

362 

3.065 

102 

13 

20-10 

30 

6 

17 

557 

4.703 

37.948 

43.208 

1.177 

It 

20-14 

116 

5 

39 

1,144 

9.662 

70.651 

81.457 

1.327 

27 

20-20 

59 

3 

17 

547 

4.623 

25.888 

31.058 

52? 

16 

20-21 

64 

7 

40 

1.299 

10.973 

45.846 

58. M8 

828 

20 

20-35 

74 

13 

52 

1.654 

13.962 

107.741 

123.357 

3.060 

29 

20-36 

60 

2 

12 

366 

3.092 

16.556 

20,014 

1.418 

16 

20-37 

63 

1 

17 

572 

4.833 

584 

5.989 

378 

58 

20-38 

36 

1 

IS 

501 

4.233 

4.313 

9.04? 

. 

8 

20-44 

loe 

15 

53 

1.701 

14.360 

105.188 

121,249 

4.930 

22 

20-45 

63 

4 

9 

303 

2.560 

23.549 

26.412 

630 

14 

20-46 

131 

16 

60 

I.9I8 

•6,191 

110,614 

128.723 

3.198 

30 

20-5'* 

175 

16 

93 

3.022 

25.516 

236.549 

265.087 

7.657 

33 

20-55 

52 

7 

37 

1.199 

10.131 

54.972 

66.302 

1.534 

16 

204-4 

43 

3 

12 

371 

3.137 

30.106 

33.614 

1.531 

17 

20d-8 

18 

1 

7 

209 

1.768 

12,014 

13.991 

1.133 

5 

20d-IO 

240 

8 

103 

1.603 

13.537 

32.848 

47.988 

1.943 

70 

Area  in 
Watershed 
(Sq  Hi) 


COHBgXlANO  (Cont'd) 
Tenn . (Coot  *d) 


Nur^ber  Drainage  Area 
of  Controlled 

Structures (jq  Mi  ) 


20d»-l 

52 

) 

19 

563 

4.752 

5.101 

10.416 

- 

10 

20d1-2 

35 

1 

13 

424 

3,579 

29.202 

33.205 

1.215 

9 

20dl-3 

309 

9 

106 

3.197 

28.432 

142.185 

173.814 

7.261 

36 

20e-l 

IS^* 

7 

64 

2,052 

'7,327 

122.093 

141 .472 

3.027 

28 

20e-^» 

47 

1 

13 

419 

3.539 

33.395 

37.353 

985 

8 

20e-7 

66 

2 

37 

950 

8.019 

36.117 

45.066 

1 .430 

IS 

20f-I 

117 

12 

55 

1,784 

15.063 

120.737 

137.584 

4.669 

25 

20f-2 

8t 

3 

31 

986 

8.325 

2.022 

11.333 

348 

27 

20f-3 

221 

14 

73 

2.386 

20, 142 

93.741 

1 16.269 

5,206 

34 

20g-l 

262 

6 

41 

1,322 

11.165 

33.407 

45.894 

638 

20 

20g-2 

129 

6 

33 

1 ,072 

9.048 

46.178 

56.298 

1 .541 

20 

20g-3 

218 

14 

90 

2.889 

24.389 

108.729 

136,007 

3.110 

58 

OHIO  MIWQft  TRI6UTABIES 


18-2 

27 

2 

1 1 

302 

2.013 

5,154 

7.469 

280 

7 

18-3 

M 

2 

8 

195 

1.300 

3.650 

5.145 

214 

- 

18-7 

272 

12 

134 

4,148 

27.637 

3< .626 

63.411 

3.035 

24 

18-8 

245 

6 

27 

868 

5,782 

10.861 

17.511 

1.232 

31 

18-10 

28 

- 

. 

- 

. 

- 

- 

10 

18-13 

13 

- 

■ 

- 

- 

- 

- 

5 

18-14 

244 

8 

53 

1 .759 

11.717 

20.467 

33.943 

2.39' 

50 

18-18 

14 

. 

. 

. 

. 

• 

- 

7 

22-1 

303 

15 

91 

2.538 

16.912 

30.925 

50.375 

2.793 

56 

00-1 1 

21 

2 

12 

308 

2.052 

5,358 

7.718 

347 

2 

00-13 

22 

3 

7 

172 

1,148 

2.996 

4.316 

172 

3 

00-14 

220 

7 

95 

2,804 

18.683 

- 

21.487 

1.181 

51 

00-16 

91 

3 

35 

1.055 

7.030 

17.642 

25.727 

844 

- 

00-17 

84 

II 

51 

1.361 

9.069 

23.264 

33.694 

1.463 

- 

00-19 

9 

1 

4 

1 14 

757 

2,034 

2.905 

98 

5 

00-21 

42 

6 

24 

625 

4.165 

10.065 

14.855 

770 

- 

00-25 

16 

1 

5 

144 

957 

2,551 

3.652 

175 

6 

Ind , 

07-2 

47 

15 

07-4 

32 

6 

6 

189 

1.256 

1 1 .001 

12.446 

532 

12 

07-5 

359 

10 

33 

975 

6.494 

11.033 

18.502 

1 .045 

24 

07-7 

67 

4 

15 

466 

3.238 

6,188 

9.912 

886 

10 

07 -8c 

6 

I 

2 

56 

376 

748 

1,180 

m 

2 

07 -8d 

38 

6 

11 

362 

2,140 

6.771 

9,273 

680 

14 

07 -8e 

31 

3 

5 

150 

1 .002 

2.539 

3.69' 

291 

9 

07 -8  f 

39 

5 

7 

219 

1.457 

7.334 

9.010 

585 

9 

07-9 

330 

28 

114 

3.725 

24.818 

296.088 

324.631 

8.257 

62 

07-10 

67 

7 

20 

515 

3.433 

3.575 

7.523 

243 

13 

07-15 

158 

28 

50 

1.470 

9.793 

32.123 

43.386 

2.151 

50 

LH-la 

12 

- 

- 

- 

- 

- 

- 

5 

IH-lb 

2 

- 

- 

- 

- 

- 

- 

2 

LH-lc 

3 

- 

- 

- 

- 

- 

- 

2 

LH-ld 

9 

- 

- 

- 

- 

- 

- 

7 

LH-le 

6 

• 

- 

• 

- 

2 

LH-lf 

20 

- 

- 

- 

- 

- 

II 

LH-lg 

1 1 

- 

- 

- 

- 

- 

5 

LH-lh 

15 

- 

- 

- 

- 

- 

9 

LH-lj 

10 

- 

- 

- 

- 

- 

7 

LH-lk 

29 

- 

- 

- 

- 

- 

21 

LH-3 

13 

- 

- 

- 

- 

- 

2 

lH-5 

7 

- 

- 

- 

- 

- 

5 

LH-7 

20 

- 

- 

- 

- 

- 

11 

LH-8 

20 

- 

- 

- 

- 

- 

8 

LH-9 

29 

- 

- 

- 

• 

- 

' 

15 

LH-IO 

21 

3 

6 

160 

1,064 

6.229 

7.453 

543 

- 

LH-1 1 

73 

- 

- 

- 

- 

- 

' 

18 

LH-12 

'3 

- 

■ 

- 

- 

- 

* 

5 

LH-14 

145 

18 

59 

1 .906 

12.697 

61.215 

75,818 

2.470 

- 

LH-1 5 

8 

1 

6 

166 

1,103 

9.204 

10.473 

294 

- 

LH-17 

52 

8 

30 

932 

6.207 

31.990 

39.129 

1.322 

- 

.M-21' 

19 

1 

1 

41 

270 

2.583 

2.894 

98 

- 

<-2l 

72 

2 

8 

238 

1.588 

5.578 

7.404 

209 

- 

i.H-72 

146 

n 

34 

1.095 

7.296 

36.632 

45.023 

1.239 

- 

LH-/J 

26 

1 

6 

167 

1.113 

4.780 

5.560 

221 

- 

,u.30 

254 

17 

116 

3.765 

25,086 

35.608 

64.459 

2,116 

10 

L:  - 

100 

2 

19 

570 

3.601 

12.752 

17.123 

497 

- 

LH-  . 

29 

2 

9 

294 

1.960 

7.433 

9.687 

251 

- 

LM-  ,5 

1 

2 

47 

316 

1 .589 

1.952 

52 

• 

tjL. 

19-2 

15 

1 

8 

159 

1,061 

2.332 

3.552 

258 

5 

'9-3 

28 

7 

9 

197 

1.311 

5.008 

6 516 

405 

5 

19-8 

210 

7 

110 

2.626 

17.494 

21.620 

41.740 

3.924 

33 

19-9 

61 

5 

33 

1.519 

10,121 

7.282 

18.922 

847 

17 

0-1 

253 

13 

74 

1.797 

11.973 

94.712 

108,482 

2.049 

30 

0-5 

16 

3 

9 

255 

1.696 

5.365 

7.3'6 

240 

- 

0-7 

53 

1 

34 

992 

6. 606 

11.962 

19.582 

486 

- 

0-8 

59 

2 

40 

979 

6,521 

9.015 

16.515 

343 

• 

0-12 

26 

3 

16 

315 

2.100 

12.960 

15.375 

330 

• 

0-25 

50 

7 

28 

484 

3.226 

28.883 

32.593 

856 

10 

0-26 

74 

7 

22 

475 

3.166 

9.057 

12.696 

799 

22 
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MICROCOPY  RLSOLUTION  TtST  CHART 

NATIONAl  RURIAU  OF  SI ANOARDS  1% < A 


TABLE  25  (Cont'd) 


Area  in 
Watershed 

(S<1  "0 

Number 

of 

Structu res 

POTENTIALLY  FEASIBLE  WATERSHED  PROJECTS 

Orainaae  Area  Storaae  Caoac 

Controlled  Sediment  Floodwater 

(So  Ml)  (Ac  Ft)  (Ac  Ft) 

ill 

0t1«r  Uses 
(Ac  Ft) 

Total  Capacity 
(Ac  Ft) 

Water 
Surface 
Area 
(Acres ) 

Channel 
Improvement 
(Hi les) 

OHIO  HINOft  TRIBUTARIES  (Cont'd) 

Kv.  (Cont'd) 

0-28 

34 

6 

9 

169 

1.126 

21.199 

22,494 

1,324 

. 

0-30 

150 

9 

62 

1.706 

11.365 

5.080 

18,151 

1.828 

17 

0-33 

96 

1 

6 

137 

913 

1.855 

2.905 

210 

12 

0-3<t 

50 

2 

36 

676 

4.417 

8.424 

13.517 

454 

. 

0-35 

20 

2 

8 

141 

939 

20.398 

21,478 

634 

6 

0-38 

20 

4 

8 

147 

981 

11.058 

12. 186 

697 

5 

0-37 

55 

9 

23 

424 

2.822 

35,237 

38.483 

1 .449 

12 

0-38 

38 

3 

26 

459 

3.061 

■5.822 

19.342 

628 

8 

0-40 

75 

5 

28 

488 

3.252 

4.188 

7,928 

858 

8 

l« 

24 

4 

12 

285 

1.896 

11.549 

13.730 

386 

- 

2c 

16 

3 

7 

I80 

1 .200 

10.180 

11.560 

303 

- 

2e 

21 

4 

II 

255 

1 ,696 

10.650 

12.601 

307 

5 

3a 

154 

7 

39 

865 

5.765 

46.935 

53.565 

1.690 

20 

5a 

68 

5 

30 

824 

5.487 

■ 5.583 

21 .894 

614 

- 

7a 

55 

4 

30 

737 

4.913 

10.563 

16.213 

480 

10a 

20 

2 

9 

219 

1.461 

3,042 

4.722 

149 

5 

12a 

Ohio 

26 

3 

II 

262 

1,748 

2.651 

4.661 

147 

6 

0-8 

147 

8 

25 

549 

3.655 

22,539 

26.743 

784 

. 

0-17 

221 

31 

99 

2.140 

14.258 

112,211 

128,609 

4,952 

84 

0-18 

151 

15 

31 

670 

4.463 

41.516 

46,649 

2.197 

47 

0-19 

30 

6 

7 

156 

1.036 

9,804 

10.996 

518 

16 

0-23 

16 

3 

6 

137 

914 

7.071 

8.122 

260 

9 

0-27 

39 

1 

8 

177 

1.176 

6.207 

7.560 

243 

10 

0-28 

185 

9 

62 

1,597 

10,643 

53.488 

65.728 

1.470 

20 

0-29 

233 

17 

56 

1.203 

8.015 

51,674 

60,892 

1.923 

48 

0-34 

24 

- 

- 

- 

- 

- 

- 

12 

0-36 

20 

2 

5 

103 

684 

472 

1.259 

53 

7 

0-43 

166 

6 

17 

379 

2.527 

2.578 

5,484 

291 

32 

Penn. 

51 

19 

3 

10 

197 

1.314 

789 

2.300 

157 

. 

52 

247 

3 

16 

389 

2.591 

3.838 

6.818 

214 

- 

62 

202 

12 

30 

578 

3.854 

2,669 

7.101 

312 

- 

W.  Va.  S.  Pa. 

0-2 

54 

3 

36 

990 

6.598 

9.259 

16.847 

406 

- 

Pa.  & W.  Va. 

0-7 

299 

14 

212 

5.140 

34,468 

67.490 

107.098 

2.345 

. 

0-8 

12 

1 

9 

231 

1.539 

. 

1.770 

70 

■ 

0-9 

67 

9 

14 

395 

2.629 

4.953 

7.977 

326 

. 

0-n 

63 

2 

1 

34 

228 

429 

691 

46 

- 

0-14 

'9 

3 

7 

181 

1,206 

2.783 

4.170 

141 

. 

0-20 

43 

2 

3 

67 

444 

1.033 

1.544 

87 

. 

0-22 

101 

16 

24 

502 

3.345 

7.804 

11.651 

506 

. 

0-30 

64 

4 

22 

527 

3.508 

8.077 

12.112 

434 

- 

0-35 

146 

16 

88 

2.119 

14,118 

15.859 

32,096 

1.269 

. 

0-45 

15 

16 

7 

189 

1 .261 

1.783 

3.233 

185 

1 

0-47 

168 

- 

- 

- 

■ 

- 

6 

0-48 

m 

4 

8 

202 

1.346 

3.111 

4.659 

166 

17 

0-23 

113 

4 

80 

1.945 

12.961 

16.370 

31,276 

648 

■ 

(l)  Watersheds  arc  listed  by  the 
the  subbasin  <Mps> 

National  Inventory  of  Conservation  Needs 

Number,  the 

Matersheds  are  referenced  by 

the  same 

number  on 

TABLE  26 


r 


Corps  of  Enginee 


RECREATION  POTENTIAL  AT  RESERVOIRS  AND  NAVIGATION  POOLS 
Future  Rcse 


Number  of 
Rese 


Present 
Surface  Area 


Rese 


Visitation  Ultimate 

Annual  Visitation 

Visitor  Visitor 


sitation  Ultimate 

Annual  Visitation 

Visitor  Visitor  Number  of 


Surface  Area 

Pool  In  Ac  ■■ 


Al legheny 

10 

Ik, 823 

3.028.9k0 

i3.7k6.OOO 

7 

k.025 

2.532.000 

6.262.000 

17 

I8.8k8 

20.028.000 

Honongahela 

2 

k,585 

1,131 .660 

2.833.000 

8 

Ik. 500 

2,868.000 

6.758.000 

10 

19.085 

9.591 .000 

Beaver 

U 

17,650 

2.585.050 

8,k99.000 

2 

73.000 

3,278.000 

21 .929.000 

6 

90.650 

30, (.26,000 

Muskingum 

16 

17,975 

5,266,600 

i3.9i8.kOO 

10 

k.528 

2,5'6.k50 

7.0k3.700 

26 

22.503 

20.962.100 

Little  Kanawha 

0 

0 

0 

0 

k 

3.250 

1 . 175.000 

2.311.000 

k 

3.250 

2.31 1 .000 

Hocking 

1 

66k 

55k. 300 

582.000 

5 

k.k65 

1 .8k8,300 

k. 085. 300 

6 

5.129 

k, 667, 300 

Kanawha 

3 

6.213 

2, 28k. 100 

3.199.000 

20 

k7.260 

5.735.800 

13.928.800 

23 

53.k73 

17. 127.600 

Cuyandotte 

1 

630 

330,000 

909.000 

10 

2,160 

222.000 

222.000 

II 

2.790 

1. 131 .000 

Big  Sandy 

U 

3.557 

1,389.100 

1 .785.000 

5 

3.162 

1.521 .000 

2.760.900 

9 

6.719 

k.5kS.900 

Scioto 

5 

k.665 

1 ,706.k00 

5.280.000 

5 

5.62k 

2.219,000 

5.078,000 

10 

10,289 

10.358.000 

Little  Miami 

2 

k.990 

1.522,000 

k, 800. 000 

k 

6.250 

1,72k, 000 

k, 275. 000 

6 

Il.2k0 

9,075.000 

Great  Miami 

2 

6,270 

970,000 

3.903.000 

6 

6,208 

2. 35k. 000 

5.835.000 

8 

I2.k78 

9.738.000 

Licking 

1 

8.270 

kOO.OOO 

980.000 

3 

15.930 

1 .635.000 

3.273.000 

k 

2«..200 

k. 253. 000 

Kentucky 

5 

10,71 1 

1 ,209.k00 

3.085.000 

n 

3k. 390 

5.926.000 

Ik. 69k. 000 

16 

kS.IOl 

17.779.000 

Sal  t 

0 

0 

0 

0 

k 

16.970 

2.536.000 

5.962.000 

k 

16.970 

5.962. 000 

Green 

k 

27.690 

1 ,696.k00 

6.300,000 

I 

k.OOO 

598.000 

I.k65.000 

5 

31.690 

7. 785.000 

Wabash 

6 

21.150 

2,632.800 

11,107.000 

29 

176.209 

19.516,000 

51.336.000 

35 

197.359 

62.kk3.000 

Cumberland 

6 

Il6,k30 

9.217.700 

15.000.000 

9 

kk,6M 

k, 603. 000 

II .OkS.OOO 

15 

161 .103 

26. OkS.OOO 

Ohio-Minor  Tribs 

k 

3.583 

2,673.900 

3.700.000 

18 

9.960 

6.930.000 

Ik. 779.000 

22 

I3.5k3 

I8.k79.000 

Sub-Total 

76 

269.656 

38,598.550 

99.626.k00 

161 

k76.56k 

69.739.550 

183.082.700 

237 

7k6.k20 

282.709.100 

Number  of 
Navigation 

Present 
Surface  Area 

Vi s i tat  ion 
Annual 
Vi  si  tor 

Ul t imate 
Visitation 
Visitor 

Number  of 
Navigat  on 

Surface  Area 

Ultimate 
Visitation 
Vi' itor 

St  reams 

Pool  in  Acres 

Days 

Oavs  f 1 ) 

n) 

Pool  'n  Acres 

Ohio  River 

21 

229.13k 

k.SkO.OOO 

19.367.000 

19 

2k}. 80k 

20.607.533 

AI legheny 

8 

8,675 

131 .000 

52k. 000 

8 

8.675 

52k. 000 

Monongaheta 

9 

8,065 

120,600 

k86.900 

9 

8,612 

519. 9k9 

Kanawha 

3 

5.100 

76.000 

307.912 

3 

5.100 

307.912 

Kentucky 

Ik 

13.35k 

201 ,000 

606. 2k7 

Ik 

13.35k 

806.247 

Green 

5 

7,521 

113.000 

k5k.080 

5 

7.521 

kSk.OOO 

Cumberland 

k 

99,830 

7,623.000 

9.750.000 

k 

99.830 

9.750.000 

Sub-Total 

(A 

371,679 

13.10k, 800 

31.696.139 

62 

366.896 

32.969.721 

TOTAL 

6kI.53S 

51.703.350 

131.322.539 

k7S.56k 

69,739.550 

183.082.700 

1.133.316 

315.678.621 

(1)  Lands  available,  reguires  additional  facilities. 

(2)  Based  on  I96S  supply  and  demand. 

O)  Changes  <n  totals  reflect  completion  of  the  Ohio  River  modernisation  program. 


TABLE  27 


RECREATlOM  OPPORTUNITIES  PROVIDED  IN  POTENTIAL  USDA  RESOURCE  DEVELOPMENT  PROGRAM 


Recreation 

Water  Area  fAcres) 

Recreat'On  Davs  Provided 

Subbstin 

Watersheds 

Protects 

Outside 
Watersheds^  ^ 
Protects 

Totals 

In 

Watersheds 

Prelects 

Outside  ... 
Watersheds^  ' 
Proiec  ts 

Totals 

Al 

9.520 

3) .440 

40.960 

4.760.000 

15.330.000 

20,090.000 

Honon9«h«l* 

3.640 

11.580 

15.220 

1 .620.000 

5.530.000 

7.350.000 

B««ver 

2.070 

380 

2.450 

1 ,040.000 

100.000 

1,140.000 

Muskingum 

11,700 

6,260 

17.980 

5.850.000 

2,640.000 

8,490.000 

Littl*  K«n«wha 

170 

640 

810 

90.000 

220.000 

310.000 

Hocking 

980 

24.400 

25.380 

490.000 

12.150,000 

12.640.000 

IUnawb« 

6,700 

25,140 

31 ,840 

3.360,000 

12.070.000 

15.430.000 

Cuy«ndotte 

1.760 

170 

1.930 

880,000 

50,000 

930,000 

Big  S*nby 

7.440 

5.940 

13.380 

3.720.000 

2,900,000 

6,620,000 

Scioto 

7.S00 

10.780 

16,280 

3,750.000 

4.280,000 

8.030.000 

Little  Miami 

2,140 

1,800 

3.940 

1 ,080.000 

420.000 

1,500, 000 

Great  Miami 

5.200 

3.130 

8.330 

2,600.000 

730.000 

3.330.000 

Licking 

4.890 

3,880 

8.770 

2.440,000 

2.480.000 

4,920.000 

Kentucky 

9,100 

10.180 

19,260 

4.500.000 

3.940.000 

8.440.000 

Salt 

5.610 

3.450 

9.060 

2,810.000 

970,000 

3.760.000 

Green 

24.750 

15.540 

40.290 

12.390.000 

3.730.000 

16,120.000 

Wabash 

55.500 

31.390 

66.890 

27.680,000 

13.420.000 

41,100.000 

Cumberland 

31 .600 

23.770 

55.370 

15.800,000 

8.670.000 

24.470,000 

Ohio  - Minor 
Tributaries 

47.400 

70.650 

1 18,050 

23.700.000 

29.650.000 

53.550.000 

Total  Basin 
(1 ) Includes  other 

237.670 

USOA  Development  Programs  and  Nat 

280,520  518. 190  118.760.000  119.480.000 

RECREATION  OPPORTUNITIES  PROVIDED  IN  USDA  GOING  PROGRAM 

Recreation  Days  Provided 

Watershed  Program--— 1.150,935 
Fem  Ponds  & Private  Recreation  Developments--  10,500,000 

National  Forest--------*--— 3.456,000 

Total 15.106.935 

ional  Forest  Projected  Development. 

238.240.000 

Subbasin 

TABLE  28 

IDENTIFIED  POTENTIAL  HYDROELECTRIC  POWER  SITES 

Conventional  and  Pumoed  Stomee 

No.  of 
Sites 

Instal led 
Capac i ty 
(kw) 

Average  Annual 
Generat ion 
ftmvh) 

Range  of 
Gross  Head 
(ft) 

Al  legheny 

3 

565.000 

905 

150-798 

Monongaheta 

9 

1.222.000 

2.431 

50-938 

Beaver 

4 

100.000 

140 

70-120 

KanavHta 

14 

2,100,000 

7,250 

50-680 

Great  Miami,  Little  Miami 

3 

255.000 

347 

55-327 

Licking,  Kentucky.  Salt 

8 

931,300 

1.595 

25-560 

Green 

3 

102,000 

284 

38-133 

Wabash 

7 

245.000 

780 

28-74 

Cumberland 

7 

864.000 

894 

50-457 

Ohio  River 

16 

a 16-000  - 

4 lit? 

16-35 

TOTAL 

74 

7.200.300 

18,773 

